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©Dr. S. RAMACHANDRA RAO, M.A., PH.D., D.SC., F.INST.P., 


Prefessor.of Physics, Sri Venkateswara University, Tirupatie 
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The beneficent influence that laboratory work exercises on. . 


the understanding of scientific subjects cannot be oves-emphasized: 
It is, therefore, the duty of physics teachers to ensure that a sound 
laboratory tfaining is given to *their students: Practical work, 
it need hardly be added, improves the powers of observatign and 
enhances manipulative skill. i 


e ® 
_ While it is true that no book can possibly replace the teacher, 
~ the stydent naust learn not to be completely dependent on him. 


TPxgecessary that the pupil should go to the laboratory thoroughly. 
prepared 4or the prescribed exercise, so that he may be in a position . 


™ to fully assimilate the teacher’s instruction. Good books are, 
therefore, absolutely essential to supplement the efforts of teachers. 


_ Professor A. G. Narastmham is well qualified to write a book 
on BSc. Practical Physics. He has to his credit nearly three-and 
a half decades of service as a teacher. He has taught all classes 
from the Intermediate to the Honours Standard. He is thus in 


a position to judge correctly the requirements of B.Sc. students. 
¢: 


ta, 


The book is expected to meet the needs of the B.Sc. (Main) 

_ students. «Tha experiments are presented neatly and concisely. 

_ Detailed instructions are given at those places where the average 

student is likely to find some difficulty and apparent points are 
not dealt with at undue length. 


7 I ardently hope that students will make excellent use of the 
book and greatly 1 improve the quality and quantity of theirpractical 
work. 


. S. RAMACHANDRA RAO, 
SRI EER UNIVERSITY, Professor of Physics, 
TIRUPATI, i= 
July 14, 1957. « f 
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7 ° 
“The main, objegt in bringing out this book is to make available 
to the student of the B.Sc. degree course, more or less complete 
instructions for the performance of experiments in Practical Physics. 
‘They are not, however, intended to replace entirely, personal instruc- 
tions from experienced and skilled professors and demonstrators. 
No text-book, however thorough*it might be, can b@a substitute 
- for a good teacher. A few timely hints and occasional help in’the 
adjustment of precision instruments and in the taking of readings 
correctiy, are of far greater value, than pages of written instructions. 
But, due to the large and increasing number of students working 
simultaneously in laboratories nowadays, it is commonly obeerved 
that the student has to wait for oral instructiONs, even for stot? 
the experiment and that he does not spend all the time aflotted for 
practical work, for the performance of the experiment. It is fondly : 
hoped that the detailed instructions given in this book will help the 
average student to utilise the whole of the time set apart for practical 
work, without wasting any part of it in waiting for oral instructions. 
Experimental skill comes with constant practice and it is essential 
for the student to spend as much time as possible, for the performance 
of experiments in the laboratory in a thorough and systematic 
manner. | 


» 
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In many of the experiments, brief explanations ofthe theoretical 
principles involved in them have been given. Suitable tabular - 
forms fcr entering the results have Qgen included, wherever necessary, . 
Numerical results have been given in many experiments to serve. 

"as examples. They have been taken’ from the experiments per- 

te formed by B.A. and B.Sc. students. It is expected that they wil) 
serve to guide the average student. Some of them can certainly 
be improved uyron, as regards accuracy, by good students. _ 


o 









wee The. book is divided into two parts. . In the first part, after a 
at ss SRR there are four Sections, ,dealing respectively : 

with Preliminary experiments, General Physics (Properties of 
3 Me tter), Heat end Sound, with forty-eight experiments sin all. In 
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the second part there are three Sections dealing respectively with 
Light, Magnetism and Electricity, with fifty-severe experiments in 
all. Many of the experiments are really compound experiments, 
requiring two or sometimes three practical work days. They are 
classified as single experiments, kecause of the common physical 
principles involved. 


The student is expected to work carefully and thoroughly © 


through the exercises, attaching great importance to neat, systematic 
and accurate work. He must record them properly and carefully. 


Every ‘experiment must be repeated till satisfactory results are 


obtained. : 


The apparatus described for the various experimeats age those 
in common use in most laboratories. 


. fh the experiments with the optic bench, in Light, the parallax 
method “of locating the images has been advocated and described, 


in preference to an illuminated object and an image screen. The 
parallax method is simple and accurate, though it involves - 


greater strain for the eye. But it is hoped that, in view of its special 
advantages, the student will not mind the trouble involved. 


In the formule for spherical mirrors and lenses, the sign 
convention used is that “ distances of real images are positive.” 


‘Though Sri A. Ramamurthy, one of the authors is an 
Assistant Professor of Physics 1 in Presidency College, Madras, it is 
emphasised il that this book is neither an official publication nor 


| aecialy sponsored. | : 
- Suggestions for improvensent of matter and of the ntethod of 
- treatment are quite welcome. ° 


A. G. NARASIMHAM. 
A. RAMAMURTHY. 
R. RAMAN. 


| Mapras 
i July 1957. 
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TEXT BOOK OF PRACTICAL PHYSICS -~ 


; : INTRODUCTION : 

General :—Physics has been rightly described as the Science 
of precise and accurate measurement. | Hence, the main objects in 
undergoing training in Practical Physics must naturally be (1) to get 
familiar with the principles and methods of accurate measurement 
and (2) to acquire dexterity and skill in performing experiments 
with ease and elegance. It is possible to achieve this, only if there 
is a clear realisation of the aim of each experiment and a thorough 
knowledge of the procedure to be adopted. ‘The essential features 
of construction and the manipulation of the apparatus and instru- 
ments that are used for an experiment must be carefully studied. 
_ They must be arranged on the work-table neatly and in stfch a 
_ manner that they are within easy reach and can be manipulated 

and observations taken, with minimum physical discomfort. 


Many “delicate apparatus and precision instruments will have 
to be used for performing experiments. Great care and a certain 
degree of gentleness and sympathy are needed in handling them. 
Many of them are intended for long and indefinite use. Serious 
and irretrievable damage may be caused to them, by careless and 
rough treatment. The Screw-Gauge, the Balance, the Travelling 
Microscope, the Spectrometer, the Galvanometer, Standard Resis- 
tances, etc., require particular care and consideration in use. 


Observation note-book :—All the observations made during 
the course of an experiment must be neatly and systematically 
* nated down in a note-book maintained specially for the purpose. 
There myst be no such thing as making a mental deduction and 
writing down the result alone. All the” observations leading to it 
must be written down in such a manner that any one can follow 
them, without the need for a personal explanation from the person 
performing the experiment. Sufficient explanations must precede 
or follow each reading or set of readings taken. If more readings 
than one are taken for a particular oBservation, they must be 
entered neatly in a suitable tabular form. 
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2 : : 
Rejection. of observations :—A// the readings taken must find 


a place in the observation note-book. ® No reading must be rejected 
unless it is known for certain that there was a Serious flaw in taking 
it. No attempt must be made to alter a reading, under the*mistaken 
impression that it is likely to lead to a wrong result. Getting 
accurate results comes with experience. Careful manipulation 
and systematic observation are bound to yield satisfactory results. 
An inaccurate result is far less serious than a dsshonest attempt to 
tamperewith the readings taken. It must be well realised that Science 
has rea€hed its pre-eminent position at the present day as the result 


* of the honest recording of observations by Scientisés. _Discre- 


pancies in results have often led to the rejection of imperfect laws 
and formulation of new theories. : 
Errors in observation:—Watchfulness and alertness are requir- 
“ed, if theobservations should be faithful and correct. There is likely 
to be a personal error, to a greater or less extent, in every reading 
that is taken—in noting a length or atime of transit or a 


~ coincidence or a deflection. But alertness will considerably reduce 


this personal error. S/ovenliness in observation is Public Enemy 
No. 1, in the performance of an Experiment in Science. : 


The larger the quantity used for measurement, the less will 
be the percentage error. So, consistent with the conditions in the 
experiment, as large a quantity as possible must be taken. Thus, 
for determining the radius of a capillary tube with a mercury thread, 


a long thread of mercury must be used. For determining ~ 


the specific heat of a solid aby the method of mixtures, a fairly 
large quantity of the solid must be taken. In finding’ the period 


* of oscillation of a pendulum, the time for as large a nusber of 


oscillations as possiblg must be observed. Fs 


, Repetition of experiment :—Again, a single reading will never 
suffice for the measurement of a quantity. The conditions obtain- 


ing at the time of measurement must be altered and the experiment _ 


i aa Several ens must be taken, the number of ave 
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used for calculating the result. It will be nearer the correct 
; € © 
reading than any one of tfem. 


It may happen at times that, when a large number of readings 
are taken, one or more of them differ widely from the rest. This nfay 


be due to errors of obsévation or to an imperfect instrument used - 


or -to the nature of the quantity measured, as in the case of the 
diameter of a wire. There is a general tendency to strike off such 
inconsistent results. Unless it is known that a definite factor 
operated which militated against a cqnsistent reading from being 
taken, it must not be struck off. However, such readings may be, 
left out» when the average is taken, since their counterparts are 
evidently massing. 


" Estimation :—In very many observations, readings have to be 
taken with graduated scales. Where a reading coincides with a 
scale division, there is no difficulty. If, however, it fies between twor 
divisions, the fraction of the division has to be estimated. * This 
requires judgment and correct judgment comes with experience. 
But, even if the estimate is not very accurate, it will give a better 
result, than if no attempt is made at estimating it. 


- Parallax :—Again, in taking a reading involving coincidence, 
observations must be made from such a position that parallax 
error is avoided. Thus, when a scale is placed on an object to 
measure a length, the eye must be vertically above the coinciding 
division. In reading the level of the mercury in the barometer, 


. the eye must be in the same horizontal line as the mercury level. 


Calculations :-—All the details of calculation must be clearly 
written in the observation note-book itSelf. This will be particularly 


helpful in easily tracing any mistake in the calculations that may . 


have crept in. 
@ 


Significant figures :—In the calculation of an experimental 
result, a number of different quantities are involved. In deter- 
mining these quantities, the degree of accuracy possible is different 


“for different.quantities. The accuracy of the final result is decided 


by the least accurate of the quantities measured. , So, for the final 


calculation, only the ngcessary significant figtires must be retained 


mer each quantity." Otherness there will be waste of labour and — 
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energy in doing unwanted calculations. Juégment and discretion 
are necessary for rejecting unnecessary figures in a quantity. Thus, 


in finding the resting point of a balance, the mean of theleftandright ~ 


turning points may be 9.125. , It will be meaningless to use it as 
> such. It must be corrected ic the first decimal place and written 
as 9.1. Any doubt regarding the number of significant figures ‘to 
be retained for calculation may be cleared by consulting your Pro- 
fessor. With experience, the ability to arrive at the correct decision 
will be acquired. In the @alculated result also, the unnecessary 
e figures must be struck off. The final result must unmistakably 
indicate the accuracy possible in the experiment. , 
Graph :—A graph is very useful for revealing the relation 
between two inter-dtpendent variable quantities in an experiment. 
It is often ased for determining an unknown quantity. In addition, 
it shows clearly the divergence of the readings taken, from ‘the 
ideal readings. So, whenever a number of readings are taken .of 
such quantities in an experiment, they must be represented by a 
graph. The independent variable i.e., the quantity changed by 
the experimenter, is represented on the X axis and the dependent 
variable on the Y axis. The scales must be suitably chosen and 
the whole of the graph sheet must be used. The origin may 
represent zero or a quantity slightly less than the minimum measured. 
The points pl ited must be carefully marked and neatly enclosed 
in small circlés. The graph may be a straight line or a smooth 
curve, dependent on the relation between the quantities. Where, o 
there is a definite algebraic relationship between them, the graph 
is generally aregular geometric figure, such as a straight line, a 


= _ parabola, a hyperbola etc. It must be realised that itis not necessary 


that the straight line or curve must pass through all the pointsplotted. 

- Due to errors of obsesvation, some of the points may*not lie on the ° 
graph drawn. In such cases, the graph must be drawn in such a_ 
manner that as many points lie symmetrically on-one side of it as 

on the other. The points which lie away from the graph indicate. 


. the inaccuracies in ofp eaten. Re, 


a the bettie measured if experiments in Physics 
. So, the units in which they*are measured must . 
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invariably accompany the quantities at every stage. Otherwise, 
the final calculations might give a wrong result. When writing 
down the final result also, state its appropriate units, unless it 
happens to be a mere number due to its being a ratio between two 
quantities of the same ‘kind. 


Record :—All the experiments performed during a practical 
coursé must be regularly and neatly recorded in a comprehensive 
manner in a fair record. In writing a fair record, the following 
points must be kept in view. , ‘ . 


e 


The date on which the experiment was performed and the title 
of the exptriment must be written at the top. The aim of the 
‘experiment and the apparatus and instruments used in the experi- 
ment, must then be mentioned. Brief and intelligible descriptions 
of the main apparatus must be given. Wherever possible, neat 
diagrams and sketches of the apparatus must be drawn» The 
procedure adopted must be explained clearly and the precautions 
observed in the performance of the experiment, mentioned at the 
appropriate places. The theory of the experiment, may be indi- 
cated briefly, as this is likely to be very useful for reference at a later 
stage. The readings taken must be entered neatly in suitable tabular 
forms. Wherever possible, a graph must be drawn. The final 
result must be clearly written down in bold letters. 


Particular care and attention must be devoted to the writing 
of the fair record. A well maintained record is a valuable asset 
and a source of pride“to its owner. 


The following text-books of Practical Physics may be used for 
reference, whenever doubts arise:— *° e 


1. T. G. Bedford—Practical Physits. 
2. Schuster and Lees—Exercises in Practical Physics. 
3. W. Watson—A Text book of Practical Physics. . 


4. Worsnop and Flint—Advanced Practical Physics for 


Students. “ 
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SECTION I . 
PRELIMINARY 


EXPERIMENT I 
VERNIER CALIPERS AND SCREW GAUGE 


Aim :-e-ITo measure accurftely small lengths using the Vernier 
Calipers and the Screw Gauge. ° 


Apparatus required :—Vernier Calipers, Screw Gauge, pieces 
of wire, small regular solids like cylinders, ues Hs: 


‘; ‘ (1) Vernier Calipers 


* 


steel bas P about 10 to 15 cms. long, 1 cm. broad and about 


dt cm. thick. The main scale is marked onit, in cms. and mms. on’ 


one edge and in inches and its subdivisions on the other edge. The 


eS UN 2 e 
divisions on the scale commence at a distance of about a cm. from © 


one end. :At this end, the calipers is provided with a fixed jaw A 
with a plane face on the inner side. Sliding over the calipers is a. 
3 _ vernier bit with the vernier scales marked on it on either edge. 
4 - The vernier bit has a screw at the top by which it can be fixed on 


Qa ewes ae 
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Fig. 1. 


| gee the ax0 une are in. contact, the zeros 


Description The Vernier Calipers consists of a flat, polished 


ny position. The vernier bit also has a jaw B 
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the -zeros coincide, when the jaws are in contact, the distance 
between the jaws in any position is obviously equal to the reading 
on the main scale of the zero of the vernier. 


* Procedure :—Examine the main scale on the calipers and find 
the value of the smallest division on the inch scale. Count the 
number of divisions on the vernier scale. Make the zero of the 
vernier scale cqincide with a definite division on the main scale. 
Find the number of divisions on’ the main scale covered by the 
divisions on the vernier scale. Caldtlate the value of ane vernier 
scale diyision and find the difference between one main scaie 
division and one vernier scale division. This will give the Jeast 
count of*the inch vernier. Find likewise the least count of the 
cm. vernier. 


a 


Make the two jaws just touch each other. Seé if the two 
zeros coincide. If they do, the instrument has ‘no zero error. If 
they do not coincide, find out the position of the vernier zero on 


the main scale. Also note which division on the vernier coincides 


with a main scale division. This reading will give the zero reading 
of the instrument. It is equal to the number of whole divisions 
on the main scale from its zero + the coinciding vernier division 


‘multiplied by the least count. If this zero reading is positive, the 


zero correction is negative and vice versa. 


Move the vernier bit on the scale, and place the solid 
(cylinder, sphere, etc.) whose dimensions (length, breadth, diameter, 
etc.) are required, in the gap between the jaws. Grip it firmly 
between the two jaws. Note the position of the zero of the 
vernier on the main scale and tke coinciding vernier division. 
The reading of the nearest main scale division (on the zero side of 
the scale) + the coinciding vernier division multiplied by the least 
count is the actual reading. Change the position of the solid, 
grip the jaws again and note the reading as before. Take half a 
dozen readings for different positions of the solid. 


to] 


Tabulate the readings as follows :— 
em. scale Inch scale 


1 main scale divésion = cms. ; inches 
1 vernier seale division - 2 ’ 
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cm. scale Inch scale 












Least count (i.e. 1 main )~ 
~ scale division—1 vernier + = cms. ; inches 
scale division) J . 
Zero reading ° = Pea ys 
Zero correction = Bs es 
Dimensions of a cylindrical solid :— 
(SE CO i ES ER 7 ERR RRR SRE RISES SE TE SE EP SES SSS Gy RTS SESE ES RASA 
‘ | 
° Cm. Scale Reading Inch Scale Reading 
we 


eee 








oe) cons Sila F 
Main | Vernier Total Main | Vernier Total 


scale scale scale scale , 
Length 1), 
y) . 
Baas 
Diameter 1 : 
3} 








Repeat for the other solids given, 


— Mean |_| 

‘a | Average length of cylinder = Mean reading \ 

| of instrument { Zero correction 
i "Average diameter ,, = ‘ ns . 








s Special Verniers :— , the least count of a -verniez is 
: bag difference between 1 tain scale division and 1 vernier gcale 
division. "But, sometimes, you come across a cm. vernier, , 
Ehisds ha 10 divisions on it equal to 19 mms. on the scale. 


case the least count is the omc ‘between two main 





‘4 
:. 





hee Rabon is : nh i ; : 
: ; Sie J fa « e. 
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‘Spectrometer Yernier :—The principle of the vernier can be 
also used for the measurement of angles accurately. The least count 
is the difference between a main scale division and a vernier scale 
division. Examine the circular scale and the vernier attached to 
it in a Spectrometer,and find thé least count. 


(2) Screw Gauge 


’ Descriptio :—The Screw Gauge consists of a U shaped steel 
frame C with a hollow cylindrical tube D projecting ¢rom one 
arm of the U" The tube 
has a screw thread, 
on its inside surface, 
through which a shaft G 
works. The shaft ends 
in a flat surface B. It has 
Fig. 2 a sleeve or head &, which 

advances or — recedes 





over the tube when rotated. A linear scale known as the pitch 


scale is marked on the tube along its length. The sleeve has a 
bevelled edge M with a scale, known as the head scale or circular 
scale, marked all round it.. The sleeve has a safety screw head F 


‘at its end. The zero on the head scale coincides with the zero on 


the pitch scale, when the end B of the shaft is in contact with the 
flat button A on the other arm of the U. When B and A are in 
contact, the safety screw-head F will rotate without EF rotating, 
thus preventing undesirable tightening of the shaft. 


Procedure :—Find the value of each pitch scale division. 
Rotate the head scale over the pitcl¥ scale n times so that it passes 
over a definite number of divisions om it. From this, find the 
pitch of the screw gauge. This is equal to the distance advanced 
by the head scale on the pitch scale during one complete rotation. 
The pitch divided by the number of divisions on the head scale is 


the least count. Rotate the head scale till Band A are in contact 


and there is no gap between them. When the gap closes, it will 
be indicated by the safety screw-head ‘F rotatipg by itself, without 
the sleeve E advanging. In this positior?, the zero of the head 
scale will coincide with the zero of the pitch scale. If it does 


SCREW GAUGE Ban 5 
not, the instrument has a zero error. Note the ee on the 
head scale which lies on the pitch scale? This multiplied by the 


“least count gives the zero reading. This may be positive or nega- ‘wipe 
tive. «The zero correction is this reading with its sign reversed. 


To find the diameter of a small steel® sphere or a wire, 
introduce it in the gap between A and B. Rotate the sleeve till 
the object is firmly but gently gripped. The safety screw-head 
F will help to prevent undue pressure on the objéct. Take the 
pitch scale® reading. Note the,division on the head scale which 
lieg on the "pitch scale. This. multiplied by the least count gives 
the head scale reading. Change the position of the object afid take 
the reading. Repeat half a dozen times. - se 


Tabulate the results as follows :— 























1 Pitch Scale division =a mms. 
e 
Pitch of the screw gauge a a 
- Least-eount of the screw gauge = s 
Zero reading ; ech - 
: : . 
Zero correction ~ = ' e, 
_ Diameter of a steel ball :— 1 a ee es 
t : : ‘ = _ 7 e ¥ 
. ae wi 
. Pitch scale | Head scale Zero eae 
a me meading.., Reading correction Reda: 
| na mm. | Pe - 
— 
@ 
+) > 
e@ : e 
the . | eal | 
‘Sites ‘ 


“Find the 
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- EXPERIMENT 2 
SPHEROMETER 2 


Aim :—To determine (1) the thickness of a thin plate <2) the 
radii of curvature of spherical surfaces. 


Apparatus required :—Spherometer, Thick glass plate, thin 
plates, Concave and Convex mirrors. 


Description :—The spheromieter is a handy instrument used 
for the accurate measurement of Small thicknesses or-heights. A 
pointed micrometer screw with fine, 
5 equidistant threads works in a nut 
situated at the centre of a platform, 
supported on three legs of equal 
height and with sharp ends. The 
legs are equidistant from each other 
and from the centre of the ut, their 
ends forming the vertices of an 





cL equilateral triangle. The head .of 

- ZZ ", the screw is a circular graduated disc 

: y v i which moves parallel to the edge 
3 of a short, vertical, linear scale fixed 

Fig. 3 | on one of the legs. This scale is 


graduated, the scale divisions being 

equal to either the pitch or multiples of the pitch of the screw. 

When the central leg rests on the plane passing through the tips 

e of the three fixed legs, the zero of the head scale and the zero of 
the disc, scale will coincide. idee ae 

_ Procedure :—Examine the linear pitch scale of the instrument 

‘an@ find out the value of each small*division on it. Adjust the 

° position ef the head scale, so that the zero in it stands opposite ‘to 

any observed division on the pitch scale. Rotate the head n times 

so that it passes over an integral number of divisions on the linear 

scale. The number of divisions passed over divided by the 

number of rotations gives the pitch of the spherometer. The pitch 

divided by the number of divisions on tke head scale is the 

feast count of the spherometer. Place the spherometer on a thick 

fe plane glass plate so that the three outer legs rest on it. Rotate 






° r ’ ty? 
° “- 
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the head till the central leg just touches he plate. This can-be 
ascertained by gently tapping one of the Suter legs in a horizontal 
direction with the tip of the index finger. The whole instrument 
will stow a tendency to spin round the central leg, if it touches 
the glass plate. With practice, the correct pesition can be easily 
judged. Rotation of the head scale by one or two divisions on it 
either way will make the outer legs either stick or spin freely 
round the central leg. The reading on the pitch scale + the 
reading on¢the head scale (i.e. the coinciding division multiplied by 
the least c8unt) will give the zero reading of the instrument. 
Repeat by raising the central leg and lowering it again® Take 
three such readings. In anew spherometer, the zero,of the head 
scale and the zero of the pitch scale will coincide when all the 
four legs are in the same plane. But with use, the zero reading is 
likely to alter So, it must be taken every time the instrument 1S 
being used. 


Tabulate = follows :-— 


Bach Pitch Scale division 
Number of rotations of Head Scale a ° 
Number of divisions covered on | the | _ 

Pitch Scale 

- pj Number of divisions covered on the Pitch Scale : 

Reds s = pee abies cok 

Number of rotations. 
~ Total Number of divisions on Head Scale= 
Pitch ; 

Number of divisions on Head Scale 


| 
2) 
3 








*, Least count — 


Zero Reading :-— , : 
Sea | Reading ; is 
[eat] | on Total « 
Pitch Scale Head Scale 











: Average Zero Reading = 
* (1) Thickness of a thin glass plate :—Having found the zero 
_ reading, raise the central leg and introduce under it the given thin 
plate. The three oater legs must rest on the plane glass reference 
“plate. The thin plate must rest squarely on «he plate under it. 
There should be no gap between the two. Lowerthe.central leg 


mi : ai Ace 4 4 
T 
5 ‘ 
eee 
; > 
‘ ‘ ‘ 4 : * , 
’ ~ 
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till-it touches the,thin plate, as ascertained by, the spinning test. — 
Note the readings on the pitch scale and on the head scale. 
Repeat by shifting the position of the thin plate so that the central 
leg touches a different part in it. Take at least six readings and 
tabulate them. (S 


wr 





Not of Reading: Reading 
roi on Ch our Total 
Pitch Scale Head Scale e 
a) 


; Take the average. Then, 


Thickness of given | -—s- The above average \ The “Zero: 
plate tae reading te reading 


Repeat the experiment for two or three different plates. 


(2) Radii of curvature of Convex and Concave mirrors :— 
Note the zero reading of the spherometer by placiug it on a 
. plane glass plate. Raise the central leg sufficiently high and 
place the spherometer on the given convex mirror, with the three 
outer legs resting on it. Lower the central leg gently so that it. 
just touches the surface of the mirror, ascertained by the spinning 
- test. Note the readings on the pitch scale and the head scale 
and add them. Repeat by raising and lowering the central leg 
and also by shifting the spherometer to a different position on the 
mirror. Take about six readings and take their average. The 
difference between this reading and the zero reading gives the 
height A of the central leg above the plane containing the three 
outer legs, when they rest on the convex mirror. Then, place the 
spheromieter on a sheet of paper, with all the four legs touching 
itseurface. Press the instrument gently so that the four legs leave 
their magks on the paper. Remove the instrument. Measure 
with a scale the distances between the central leg and each of the 
outer legs and take the average. Measure also the distances 
between each pair of the outer legs and take the average. * The 
distance between the central leg and any one of the outer legs is 
the radius r of the circle passing through the teps of the outer legs. 
The distance betwean any two of the outer legs is the length J - 
of the equal sides of the equilateral triangle formed by the outer 
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legs. The radius of curvature R of the spherical surface is gtven 
by the following formulae. 


2 2 
joes ee 


se e 


6h 2D 


_ Repeat the experiment with the concave mirror. Here, lower 
the central leg till it just touches the surface of the mirror. Take 
the readings on the pitch scale and the head scale. Since the 
tip of the central leg is below the-plane containing the tips of the 
other three, legs, the reading evill be negative. The difference 
between the above reading and the zero reading will give the 
depth h of the tip of the central leg below the plane passing 
through the tips of the outer legs, when all the four legs rest on 
the concave surface. Take about six readings for h and take their 
average. Calculate R, tising the formulae, 

a h 2 h 


os oom 0 oho 
Tabulate the results as follows :— 
Pitch of Spherometer == 0: Sine: 
Number of divisions on Head Scale = 100 ° 
© Least count : == (O05 tind, 
Zero reading = + 0:005 mm. 


Average distance / between outer legs= 3:93 cms. 


I. Convex mirror 


No. of | Reading on Reading on | 
“Trial | Pitch Seale_| Head Seale 









Total 























1 O'S mm. | 74 dns. 
ig Dis 3s [2s 
3 i ovis 3; 
4 Ox y, ile 
5 CL eS eee 6 9 a 
6 0°5 68 






Average 0°853 mm. 
i SS A A aa 
*“". Average height h of the convex surface = 0-853 
| —0°005 
‘a 0°848 mm. 


== 0'0848 cm, 
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ee ean 3°932 0:0848 | 
io She (Rae 2 

= 30°35 + 0:04 

= 30°39 cms. 


‘ @ A a 
* The radius of curvature of the convex mirror is 30°39 cms. 


If. Concave mirror 
e ©: ——— 





























No. of Reading on Reading on Téial 
Trial Pitch Scale HeacdScale * e 
ne 205 cnn “285 dns. —0:925 mm. 
De ae sb pene 2360) 27 0: 800s te 
3 —0'5...,, =o eee —0°975_,, 
4 A) 5 3) —45 99 e —0°725 93 
5 = oe | 2105, 4 Se 
6 =S0FO inc —80O_ ,, +h) Oa 
| 
Average —0°863 mm. 





* The reading on the head scale, will be the difference 
- between 100 and the coinciding division. 








~. Average depth of the concave surface = —0°863 

—0°005 
—0°868 mm. 
= —(:0868 cms. 

— oS = 9 O3%e 0:0868 
es Bs, 6 x 0°0868 : Zz s 
ad = 29°66 + 0:043 
= = 2970 cms. ° 


.. The radius of curvature of the concave mirror is 29°70 cms. 


Note :—The zero of the pitch scale 1s in the middle of the 
scale with divisions marked above and below it. So, readings 
taken with convex surfaces are positive and? those with concave 
surfaces negative. °This is likely to confuse the beginner. So, till 
the student ‘pecomes thoroughly familiar with the use of the 


€ 
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spherometer, it wiJl be more convenient, if the lowest division’ on 
the pitch scale is taken as the zero. Then, all the readings taken 
will be positive and the student will have less confusion. 


+.) es? oe 
pees aa 


EXPERIMENT 3 
OPTIC LEVER 


Aim:—(1) To measure the. thickness of thin plates using 


(a) a single optic lever and g) a double optic lever, with a 
telescope and scale and (2) to determine the radius of curvature 


of a convex surface using a double optic lever. . 
Apparatus required:—Single optic lever, Double optie lever, 
thin glass or metal plates, Convex surface. 


mee (a) Single optic lever 


Description :—The single optic lever, in its simple form, isa. 
triangular*or rectangular metal plate having three pointed legs, 
forming the vertices of an elongated isosceles 

triangle. Two of the legs are close together 
and the line joining them is parallel to the base 
of the plate. A plane mirror is mounted on 
_ the plate perpendicular to it, in the plane passing 
through the two legs. The third leg is at the 
. other end of the plate. 


. _ Procedure:—Place the optic lever on a plate of thick glass. 
Set up a stand with a telescope and a scale at a distance of about 
a metre from the optic lever facing the mirror in it. Keep the 
scale vertical. Turn the telescops so that its axis passes through the 
© entre of the mirror. Adjugt the eye-piece so that the crOss-Wires 
a nen distinctly seen, and one of them is vertical and the other 
zontal. : Focus the telescope on the i image of the scal@ seen in 
= Tilt the telescope, so that the horizontal cross-wire 
ith any division on the scale. Note this Teading. 
ie third leg of the lever, without disturbing the other 
introduce the thin plate under it. The third leg is 
! height equal to the thickness of the plate 
| retain their original ‘positions. So, the 
mall Gost ae The réllected tay 1S 





Fig. 4 
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rotated through twice the angle. The cross-wire of the telescope 





Fig. 5 


l 
optic lever is tilted. 


now coincides with a different division on 
the scale. Note the reading. Shift the 
position of the plate carefully and «again 
take the ‘treading on the scale. Take half 
a dozen readings corresponding to different 
positions on the plate. Let the average 


shift in the scale division be d. 
@ 
Calculations -—-Measure Dethe distance 


between the mirror and the scale. Pl&ce 
the optic lever on a piece of paper and 
press it. The legs leave their marks on 
the paper. Measure the perpendicular 
distance / between the third“leg and the 
plane containing the other two legs. Then, 
if tis thickness of the plate, 


as is the angle through which the plane mirror fixed to the 





=i 


e 


oni 


thicknesses. 


EN ae the readings s foll 


Fig. 6 


ra 


Sis the stae through with the reflected ray is COs 
2t d Pe on 


=, = OR = — 2 


| | D ie: 
Repeat tne experiment with other pigeeaad measure their average 


%, 


a 


mae 


| es, 
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(b) Double optic lever 
e 


Description :—The double optic lever, in its simple form, is a 
Giamond shaped or rectangular metallic plate, mounted on four 
pointed legs, their feet represent- 
ing the cornetS of an elongated 
rhombus. The two central legs 
form the shorter diagonal of the 
rhombus and are slightly longer 
@han the two outer legs, so that, 

- Fe 7 when placed on a_ plane surface, 

the optic lever rests only on three 

OF the legs, 1.c., the two central and one of the ouser legs. 

Hence it is slightly inclined to the horizortal. A plane mirror 

strip is fixed on the ‘lever perpendicular to it on the line joining 
the two central legs. | ; 





Procedure :—Place the optic lever on a plane glass plate, 
with the two central legs and one of the outer legs resting on it. 3 
Set up the stand carrying the telscope and the verfical scale in 
front of the optic lever at a distance of about a metre from it. 
Turn the telescope so that its axis passes through the centre of 
the mirror. Adjust the eye-piece so that the cross-wires are: 
distinctly seen and one of the cross-wires is horizontal and the 
other vertical. Tilt the telescope so that the horizontal cross-wire 
coincides with any division on the scale. Note the reading. 
Gently push down the optic lever at the end where the leg does 
not rest on the plate, so that that leg now restseon the plate. The 
____ Jever gets tilted and the plane of the mirror changes. Hence, the 


reading on the scale will be different. Note the reading. 


3 # Now, gently raise the central legs and introduce the thin 


plate under it, without, disturbing the position of the eptic lever. 
= eave note the readings on the scale when the optic lever rests on 







BSE when the optic oe rests on the 
i of t ts e ¢ outer r legs, the angle seas it makes with 
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the horizontal will be io e This will also be thee angle which the 


mirror makes with the vertical. When the optic lever is gently 
swung about the central legs so as to make it rest on the.other 


e © e 
outer leg, the mirrof will turn through an angle equal to 2x : 


l 
The reflected ray will turn through 2 x = or — 
Ax dy : ey Bes, 
yy eS eee 


where @, is the shift in the scale division and D, the distante 
between the mirror and the scale. 

When a thin plate of thickness t is placed under the central 
legs, the difference in height between the ecentral legs and the 
outer becomes (x + t). If the shift in the scale division is dg, 
then, 





AGE it) a dye ty LX de ‘ 
a (32420) Dd 
e . t= i(d, ef d,) 
4D 


Thus tcan be calculated. Take a number of readings by shifting 
‘the position of the plate under the central legs and find the average 
value of t. 
Radius of curvature of a convex surface 

The radius of curvature of a convex surface can be determined 
using the double optic lever. Place the optic lever on the 
surface with the two central legs and one of the outer legs resting 
on it. Note the reading on theécale. Gently, swing the lever 
about the central legs, so that the other outer leg touches the 
suttace. Note the reading. Let d, be the shift in the reading of the 
scale division when the optic lever is placed on a plane surface 
and d,, when, placed on the convex surface. Take out the optic 
lever and press it on a sheet of paper, so that all the four legs leave 


‘their marks on it. Measure the distances between the two outer 


legs and the two central legs. Let then be 2 / and 2 b respectively, 
ao Sipe 


© 
© R a eens Sy gn 


ee (d, -d,) x7 
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Place the optic leyer at different points gn the surface, note’ the 
average value of d, and calculate R. 


The above formula is derived as follows :— . 





° Fig. 8 (i) Fig. 8 (ii) . 
In fig (i), Cand D represent the points where the two inner 
legs rest on the surface. If CD = 2 b, then : : 


(2R — LM) LM,= b? or 2R.LM = b? (i) (neglecting LM 2). 

In fig (ii) A and B represent the points where one or the 
other of the outer legs festron-the surface. AB = 2/.- Then, 

* (QR — OM) OM = d? or 2R'0M = /??. (ii) 

PQ is a chord perpendicular to AB, through O, the mid-point 

of AB. PQ=AB. OLis the difference in vertical hight between 

the outer legs and the inner legs. If d, and d, are the differences 

in the readings on the scale when the optic lever is placed ona ~ 

plane surface and on the convex surface, then 

| ol = Ge = d,) xl 










Now, 2R (OM — LM) = /? — b? 
foe < OL = [? — 3 
‘a oe eee 
ea. Sere “Re | a. & 
ae rates A 
oe G4) x7 ~ 
@ 2) aaa are e 
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SSS” . i 1:—(a) To determine the weight of a body correct to three 
ple Ices of decimals and to apply correction for the 

of air 5 30) To al the load-sensibility curve for the 
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“Apparatus required:—The common _ balance, weight-box, the 
body to be weighed. 


Description :—The weight 
of a body can be deter- 
mined very accurately using 
the common balance. It 
consists of a rigid, hort- 
zontal beam resting sym- 
metrically, front an agate 
knife edge, on an agdte 
platform fixed to the top 
of a cylindrical rod sliding 
insige a hollow, vertical, 








Z G oe fixed, cylindrical pillar. 
Fis. 9 Two scale pans of equal 


masses are hung dt the two 
ends of the beam from stirrups resting on agate knife edges. To 
the centre ofe the beam is attached a long, vertical pointer whose 
end moves over a small ivory scale. When not in use, the beam 
is at rest and the scale pans rest on the base-board or on short 
supports fixed to the base-board. By a lever arrangement the rod 
supporting the beam can be raised. The beam and the scale 
pans then get released. The beam swings about the fulcrum 
and the vertical pointer attached to it moves in front of the scale. 
The beam is symmetrical about its centre. The scale pans and 
the stirrups are of equal masses. So, when the beam is raised, 
it will “be horizontal and the ,pointer vertical. When set in 
vibration, it will swing equally about its position of rest. When 
equal masses are placed on the scale pan, they will balance each 
other andthe pointer will again swing symmetrically. The beam > 
is provided with two small adjustable nuts at its ends. If the 
pointer does not swing equally on both sides of the centre, the 
nuts can be adjusted and the defect remedied. When not irf use, 
the beam is lowered and arrested. To adjust the beam to be 
horizontal, the base-board is providgd witht levelling screws 
and a- plumb line*is suspended by the side of the central 
. ad 


pillar. - | Bik . 


? BALANCE 17 


Procedure :—*When the beam is raised, the pointer swings in 
front of the scale on both sides of the centre. The division on the 
_ scale opposite to which the pointer ultimately comes to rest.is its 
Resting Point. In a good balange, however, there will be very 
little friction between the knife-edges and the planes on which 
they rest. So, the pointer will make a large number of oscillations 
before it comes to rest. Hence, the resting point is found. by 
noting an odd number, say 3 or 5, of consecutive turning points 
on both siges. The mean ofthe average left turning point and 
the average right turning point is the resting point. The resting 
point observed when the pans are empty is the Zero Resting Point. 
When equal weights are placed on the scale pans, the restiag point 
must be the same as the Zero Resting Point. 


(a) (1) Weight of a body :—To find the weight of a body, 
place it on the left hand pan. Place known weights on the right 
hand pan. Begin with a weight larger than that of the body, 
reducing it till the pointer swings within the scale, symmetrically 
about the Zero Resting Point. Note the resting pqint. If this 
resting point is to the left of the Zero Resting Point, remove 
10 mgms. from the right hand pan and note the resting point. If 
it is to the right of the Zero Resting Point, add 10 mgms. Proceed 
thus and get two weights, differring by 10 mgms, for which the 
resting points will be on either side of the Zero Resting Point. 

[Note :—The small weight, to be added to or removed from 
the right hand pan, to produce a shift in the resting point depends 
. on the sensitiveness of the balance. It may vary from 20 mgms. to 
1 mgm., depending on the balance. Analytical balamces are 
__ provided with arrangements for placing a small rider, on the beam, 
: at t specified points, for increasing or decreasing the Weight on ‘he 
right -hand pan. With sugh balances, weights can be determined 
correct to four places of decimals.] _ 








= 2 .. the shift produced in the resting point by: 10 mgms., 
the wei; aut eta to shift one (of the resting points to the Zero 


be ody is found out. The reading’ are ee ee as 
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oF Weight of a body correct to three places of decimals. 


| | Turning Points 

















Weight on Weight on Resting 
Left Pan | Right Pan Left | Right Point 
- i ates arene re) 

0 gm. O gm. S052) 15300 
, os 
5°8 
4:0 
4°5 
5:0 
‘0 
‘I 
4°2 





cE To produce a shift of 1:8 dns. 10 mgms. have to be added. 


10 
99 1 dn. 1:8 99 99 
pe... 1:4 dns. W263 or 8 mgms. must be 


1 added. 
”. Correct weight of the body = 140°84 + :008 


= 140°848 grams. 


II. To find the weight of a body, using a Balance with a rider, 
correct to four places of decimals. 























ae Weight on Turning Points - Resting 
Pane Right, Pan Left | Rieke | Point 
.Ogm. | Ogm. a7 13:7) é 
ee 78 7°38 k3°6 10°7 
i2 13-4 J = a 
Body 44105 gms.| 8°2 | 15:1 
vl 84 8°5 15-1 11°8 
| 88 15:0 c 
Body - 
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”.Correct weight 0-001 Be ALAS 
of the eight 44-1054 2001 x 1-1 = 44-1056 grams. 


[Note :—In some balances, the divisions on-the scale may be 
too small to allow of estimation of the turning point correct to 
one decimal place. In such cases, give the turning point, correct 
to half of a division.| 


(2) Correction for Buoyancy 
The weight of a body determined thus has to be corrected ‘for 
the buoyancy of air, to get its true weight in vacuum. Let W, be 
the weight# added, d, their dcfsity, d the density of the body and 
s “the density of air. Let W be the weight of the body in 
vacuum. ‘Then, 


the apparent weight of the body in air = W = 4 aan 
the apparent weight of the weights in air = W,— a <a 
° 1 ° 


These two are equal. 


ea gene aes 
ea)” (a) 


W, | ne 


ee SB 
Avena 
(since s density of air is very small compared with that of the 
weights or of the body.) 
(b) Load-Sensibility curve ° 
The sensibility of a balante is the shift in the resting point 
_ produced by the addition of | mgm. to either pan. This depends on 
7 ce! the load on — It is not constant. Generally, it sligly 
2 - increases as the load increases from zero, gradually decreases, and 
= Le oo becomes more or less constant. The resting point for any 
= ss d dis best determined as usual. A small weight, say 5 mgms. or 
face a 48 added to either pan. From the shift in ie resting 
a poin int, tthe ooh is calculated. 






oe 
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5 ; ze s! ° e * ° oy? 
pointer made to swing within the scale and the sensibility 
determined.] =e © 


The load-sensibility curve is drawn by representing the load 
: on the X axis and the corresponding sensibility on the Y axis. 


Tabulate the results as follows :— ; 

















5 | ~ “t Resting Point with | & 
Resting Point 10 mgms. more inone | $ 
Load “ Gane AE et ee ofthe pans | 2 
each pan} [Left Right : Left Right . es | te 
« _-@ , . y or es a) 
Turning |Turning oe Turning |Turning ee: Freeman Rm 
Point | Point Poin Point ég& 8 
| o nN nN 
0 gms. © 
10° ,, 
20. | 





0 
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EXPERIMENT 5 


THE VERNIER MICROSCOPE 


Aim :—‘ro find the mean radius of the bore of a capillary tube 
using the Vernier Microscope (1) by direct measurement and (2) 
- with a mercury thread. 


Apparatus required :—Vernier Microscope, capillary tube, a 
small quantity of mercury, watch glass. 





VERNIER MICROSCOPE . pa 


Description of Apparatus:—The vernier microscope, in its usual 
form, consists of a fow power microscope attached to a frame which 
can be moved up and down a vertical pillar with a scale mnrked on 
it and can be clamped in any position on it. The vertical pillar tests 
ona rectangular plate which can move to and fro by the side of a 
horizontal scale and can be clamped in any position. Thus, the 
microscope is capable of being moved in both the vertical 
and horizontal directions. Usually, rack and pinion. arrangement 
is provided for both the vertical and horizontal motions. 
Vernier scaleg are provided for 8th the scales. The eye-piece has 
a cross-wire fixed in it. The microscope can be fixed with its axis 
either horizontal or vertical. The microscope is provided with a 
platform or stage on which objects can be placed and observed 
with the microscope in the vertical position. 


(a) Radius of capillary tube by direct measurement 


Procedure :—Fix the microscope with its axis horizontal. 
This is indicated by a reference line on the body of the microscope 
coinciding with a mark on the frame. Holda white surface in 
front of the microscope and adjust the eye-piece so that the cross- 
wires are distinctly seen, one of them being horizontal and the 
other vertical. Mount the capillary tube horizontally in front of 
the microscope so that its axis and the axis of the microscope 
coincide. Focus the microscope on the mouth of the capillary 
tube. 


Find out the least counts of the vernier scales attached to the 
vertical and horizontal scales. Work the microscope so that the 
vertical cross-wire is tangential fo 
the bore at one end of it. Take 
the reading on the horizontal scale 
by reading the vernier. Move the 
microscope horizontally so that the 
same cross-wire is tangential to the Fig. 11. 
bore At the other end. Take the 
¥ Bais. The difference in reading gives the diameter. Move the 
_ microscope vertically*so that the horizontal cross- -wire is tangential 
bie the top of the bore. "Take. the reading one the vertical scale, 
Lowel er the microscope so that the same cross-wire iselangential to 
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the lower end of the bore. Note the reading. The difference 
gives the diameter of the tube in the perpendicular direction. 
Rotate the tube and take one or two more set of readings. Turn 
the Capillary tube so that the microscope is focussed on the other 
end. As before, take readings# 


Tabulate the readings as follows: 


‘ Vertical Scale. Horizontal Scale. 
Least count of vernier = ‘ cms ; J cms. 








= 





. 
Vertical Scale. Horizontal Scale. , 
| 





Trial, Tae! | 
No | Reading | Reading. | Reading Reading | 
vere oA at lower| Diffe- | at left | at right | Diffe- 
b ae | end of rence | end of | end.of | rence 


bore , bore 


ee 
_— 


bore | 








Mean | Mean | | 
The mean diameter of a = cms. 
The mean radius of tube = cms. 


(b) Radius of capillary tube by mercury thread 


Procedure :—The microscope is turned round so that its 
axis is*vertical. This is indicated by a line on the body of the 
microscope coinciding with a line on the frame work. Adjust the 
@re-piece so that the cross-wires are distinctly seen. Draw a few 
cms. of eclean, dry mercury into the e¢apillary tube. Keep the 
mercury thread near one end of the tube. Place the tube on 
the platform of the microscope, under it, so that the tybe is 
parallel to the axis of horizontal motion of the microscope i.e., 
parallel to the scale. Focus the microscope on the mercury 
thread. Move the microscope so that thé vertical cross-wire is 
tangential to. the ntercury thread at oneend. Note the reading. 
Move the migroscope so that the vertical cross-wire is tangential 


VERNIER MICROSCOPE ° Pa: 


to the other end o§ the thread. Note the geading. The differetice 
gives the length of the mercury thread. If a high degree of accuracy 
is required a correction has to be applied to allow for the convex 


meniscus. From the length of the thread, 2 x 3 must be subtract- 


ed to get the correct length, where ris the radius of the tube. Tilt 
the tube gently and make the thread take up another position in 
the tube. Measure its length as. before. Repeat? making the 
thread occupy different positiogs in the tube. Find the average 
length of the’ mercury thread. 


Weigh a watch glass correct to three places of decimals. 
Transfer all the mercury from the tube to the watch glass amd find 
the weight again correct to three places of decimals. The diffe- 
rence gives the weight of the mercury alone. 


Calculations :-—If J is the length of the mercury thread and 
ris the radius, the volume of mercury is xr?/. Its weight is 
ar?] d where d is its density. Let W be the weight. Then 


pay = wr ld ’ 4 
ee 
nId 
: W 
—— ra 
mld ° 


If 7 is the mean length of the thread, r will give the mean radius of 
the tube. 
_ Tabulate the results as follows :— : 
Least count of microscope = 0:001 cm. ° 














‘ i 
Trial Reading of one ee ao a Difference in 
pe: end of thread» irexd readtng 







Aa Renna ene nee anne ee eee e mam eee mo gn 





i 2:273 cms. 9°378 cms. 7-105 cms. 
mee 3278 .,, 10378, ee 
ee 6°537- ., 13°665__,, (oe 
| i Raa aS Tu * 
“ = : - ee Cee ; ° 





“ “Poe © hit 
b Lea? ng 
1% ‘ 
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’, Mean lengtheof mercury thread = 7-411 cms. 
Weight of watch glass = 6°504 ae 
Weight of watch glass and mercury = 6'730 grms. 
’, Weight of mercury xlone = 0:226 grams. : 


ae ale oe as eae 
fae / Fi4lo x Till Ce 
*, The mean radius of the tube is 0°0273 cms. 








Have similar tabular forms for each tube, if more nts one tube is 
given. = 
«(Lf a correction is applied to allow for the eonves meniscus, 


use the following formula :—length of thread = ! ere 3 ; 


PAC 
volume of mercury = xr? t a 3 se Weight of mercury 


6S 


— fae a ial d= W. To solve this, calculate r, ignoring 


the correction for /. Correct / by using the approximate value of 
r. Use the corrected value of / and calculate r.] 


——— ee 


EXPERIMENT 6 
FORCES AT A POINT 


Aim :—To verify (1) the Parallelogram Law of Forces, (2) the 
Law of Triangle of Forces, (3) the Lami’s Theorem and (4) the 
Tangent Law. 0 

Apparatus required :—Two smooth, light, frictionless pulleys, 


_ slotted weights, circular protractor. 


Procedure :—Suspend the two pulleys from hooks ona rigid 
horizontal support, about 40 cms. apart. Take three strings and 
tie one end of each of them so as to form a small common knot. 
Pass two of them over the two pulleys. Suspend from the free 
ends of all the three strings suitable slotted weights, so that they 
are in equilibrium. With a circular protractor, held parallel to the 
plane of the aac, with the centre ofethe protractor just behind 
the knot in the same horizontal line, measure the angles between 
the strings. fet the forces be P, Q and R and the angles between 
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them be a, b, and c, a being the angle,between Q and R, b the 
angle between P and R and c the aos between P andQ. Ona 
sheet of paper fixed to : = anal 
a drdwing board, draw 
straight lines representing 
the lines of action of the 
forces, with the help of 
the angles measured. 
Mark the directions and 
magnitudes” of the three 





forces P, Q, R on the 
lines drawn. Change the Fig, 12 : 


positions of the pulleys 


and weights and take tAree or four readings. 
@ 


(1) Parallelogram Law of Forces 


Mark off on the lines representing P and Q, lengths propor- 
tional to P and Q on a suitable scale, and complete the parallelo- 
gram. Draw the diagonal through the point where P%nd Q meet. 
Measure its length and the angle between the diagonal and the 
third line representing R. This angle will be 180° and the length 
of the diagonal will be equal to the length of the line represent- 
ing R. 


Tabulate the results as follows :— 





: | 
Pr. Q R Force 
2 Length | represent-| Angle 
| : , of ed by it | between 
« grams grams grams | diagonal | on same |R and R,:}. 
wt. — wt. wt. scale R, - 








| (2) Triangle of Forces 
Draw a triangle ABC whose sides AB, BC, and CA are 
respectively parallel to the lines representing the forces P, Q and R. 
Measure the sides of*the tyiangle. Then, 
ae Se 
oe as freee. = ABs BC | CA Si Oh 
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i pealete | the results :-— , c 
BG, oR AB | BC | CA} P- ee . 
: AB): BE 12s 
grams | grams | grams| cms. | ems. | cms. 
wt. wt. wt. 




















oo 


(3) Lami’s Theorem 


Find the sines of the angles a, > ¢, the angles between the 
forces P and Q, Qand R, and R fad P respectively. 


Tabulate the results :-— 














P Q R_ | Sin a) Sin 0 | Sin ¢ Sin a) Sin Bb a5 
grams ; grams | grams | | r . 
wt. wt. wt. | | | 














ae Tangent Law 
Adjust the positions of the pulleys and the values of P and Q, 
so that the two strings to which P and Q are attached are 
perpendicular to one another. Measure the angle between P and 
the third force R. Letit bea. Then 


P=Rcosa;Q=—R Sif a: 


and Oe R sin a —"tan a. 


Pp Pecos a- 
- Mec — — tana 





Take three or four readings by gee P and Q and the positions 
_af the pulleys. 


fabulate the results :— 


© © | ‘ 


% 


P Q R 
grams | grams | grams | (angle | R sina|Rcosa|P tena 
wt. wt. wt. | between 


P and R) 


Alternative method :—Three strings are tied to a common 
knot, One of the strings is tied to a hook fixed on a rigid 
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support. From the second string a weight W is hung. Pass-the 
third string over a pulley and fix 
it on a vertical stand at such a 
height that the string is perfectly 
horizontal (as tested by a spirit® 
level). A weight P is attached to 
the end of this string. With the 
help of a plumb line hung from 
the hook and a protractor, 

the angle? between the at 
string gnu. the? yertical is 
measured. Let this angle be 
cae e:1 helt 


Pes W tana. 





i) 
Tabulate the results’as follows :— 
W P a tan a W tan a 


grams wt. grams wt. - 





Having verified the law, it can be used for finding an un- 
known weight R using a known weight W. Suspend R in place 
of P. For W, add known weights so that the system is in equili- 
brium. Measure the angle “ a’ which the string tied to the hook 
on the fixed support makes with the vertical. Then, the unknown 
weight R is given by, 

* i. = W tan 


99 


will change. Keep the string horizontal. 


By changing W, ‘a 
“ake two or three readings and find the average value of R. 


———. ——_—- + 


EXPERIMENT 7 
oe PARALLEL FORCES” 


Aim :—(1) To verify the Law of Parallel Forces, (2) to verify 
the Conditions of Equilibrium of a body under the action of a 
A kc of coplanar, parallel forces, (3) to find the weight of a 

oe bar and (4) to find the Centre of Gravity of a plane 
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(1) Law of Parallel Forces. , 


Apparatus required :—A metre scale, two spring balances, 
slotted weights, loops of wire. 


© 


Procedure :—Suspend the fwo spring balances from hooks 
fixed to a rigid, horizontal support. Suspend the metre scale from 

_ the spring balances using 

the loops of wire. Note 

the initial readings in the 
spring balances. If they 
are p and q, their sum will 
be equal to the weight of 
the metre scale. Suspenda  —> 
weight R froma loop of 
wire at anyepoint on the 
scale. Adjust so that the _ 
spring balances are vertical 
and the metre scale hori-— 
e | Fig. 14 7 zontal. Note the tensions 
P, and Q, in the spring balances. Then (P, — p) and (QO. 

- are the additional tensions due to R. Let them be P and Q 
respectively. Measure the distances from the point where the ee 
weight is hung, to the points where the metre scale ts hung from 
the spring balances. Let them be a and b respectively. 





Now, the resultant R BE two like parallel forees P and Qis : es 
equal to their sum-and it acts at a point on the line joining their a 
points .of - application such that P* xa = Q revi ee 
a. and°b are the distances between P and R. and Q and ses a 


respectively. : 


ae “resultant R of two unlike parallel forces P and C se ¢ ‘. 

difference and it acts ata point on the line joining a 

ts is 0 sof application and produced, such that P xa = Q’x b oe a 
bare = distances payee B and Rs and 4 Get) Pa “4 


©; paid Ee Pe re wots KS 
a re ut = x in —— 7 ¥ - i Sz a» 
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Tabulate the readings as follows for verifying the law relating, » 


to like parallel forces. 


Initial reading of spring balance I = p. 
“Initial reading of spring balance II = q. 



















; ro raed Sie | oO | | 
Weight bp SD B on OD 4» 0 ee | 
hung feces Seed ika iso | |/P+Q) a BP x al 
SoS | Sos ie A 
Se ee aes e| 2} Bf = 
Di aes =e ee ee 





To Petity the law relating to two aahke ohialicl forces, the 
tension in sPring balance I and the weight hung may be considered 
to represent two unlike parallel forces and the tension in “spring 


balance II, their resultant. Similarly, the distance between one of 


the forces and the resultant will be (a + 5) and that between the 
other force and the resultant will be b. Thus, using the same 
readings, the law may be verified. 


, Tabulate as follows : 














[weit|eu3 Jaze lp Fe Sl op a | a | 
io | ne i a 14 
hung Seaide ao lsm ae R Pita+b) (b) PxXa,Qxby 





(2) Conditions of equilibrium of a body under the action 
of a system of coplanar parallel forces. 


Apparatus required. A long, uniform wooden rod of cross- 


section | sq. inch, two spring balances, slotted weights. 


Conditions of equilibrium :—When a rigid body is in equili- 
— brium under the action of a number of coplanar parallel forces, 
ad) the algebraic sum of the forces is zero and (2) the algebraic 
sum of the moments of the forces about any point in the same 


* cectenulia oman : ee i. 


_ Procedure :-—Find the weight of the wooden rod using one os 


ie + the spring balances. Since the rod is uniform, the weight acts at 


he centre of the rod. Suspend the spring balances from hooks 


a ixe “to a rigid, horizontal support, at a distance of about 75 cms. 
a Sg other. “Suspend the wooden tod from the spring 


epcited fe are sone from various points. on the 


a 


30 


must be horizontal. 
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Note the tensions in the, spring balances. 


From any two pee én the rod, say, one of the ends and the 








Fig. 15 


about “the point. 
and if, anti-clockwise, positive. 
tions and take three sets of reading, 


Tabulate the results as follows :— 











If it is clockwise, 
Alter the weights and their posi- 


centre, measure the distances 
of the points of applécation 
of each of the forces. The 
product of the force and 
perpendicular distance from 
any: point to the -line..of 


,. pplication ol ih? force =46 


the momént Of ihe -fogce 


ogee f = & 
it is considered negative 








| 1; 2 = | 
ee | = ee Moment Distance ) Moment 
4 od Saint rod about from | about 
os ee nas end centre “== “Scenite 
: | 
T, a ae eee ay : Le x ay 
tee b | TxD b; Poo 
ee c Wxc ce WX Og 7 
WwW, Ga ewe Ca se Wee 
WwW, . WW aoe es We ee : 
W, f BV a Xf. toe Ws 8s 
Wa g Mex £ gi, WX Bea 
| Algebraic Algebraic 
sum of sum oO | 
moments © 


de®forces | - 










- 
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on the bar, so that it is horizontal. Since the bar is in equili- 

brium, the algebraic sum of the moments of the parallel forces 

acting on it about any 

point on the bar is zero. 

Take moments about the 

_ point at which the bar is 

hung. The moment of 

the upward supporting 

force is zéero about the 

point, sinc’ it passes 

through it. Let W be the 
weight of the bar. Find 

the centre of gravity of Fig. 16 ; 

_the bar by balancing iton a knife edge. Let the distances of the 

lines of action »f W,, W., and W from the point of support be a; 

0: and c respectively. The moments are W, x a, W, x b and 

W x ¢ respectively. Their algebraic sum is zero. Let W, and 

W act on the rod on the same side of the spring balance. Then, : 





Wxc= W, x b— W, xa 


pw sx O- We xX a : 
Cc 





Fe Alter the values and the points of application of W, and W,, 
| Goss care to see that the bar is always horizontal. Measure a, b 
and: c in each case. 
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Procedure -—Punch three or four tinys circular holes at 
different parts of the lamina. Ona vertical, fixed stand drive a 
, narrow nail. Support the lamina on the 
nail by passing it through one* of the 
holes. The lamina should swing freely 
on the nail. Displace it so that it 
oscillates to and fro and comes to rest. 
Suspend the plumb line from the nail. 
It hangs vertically. Mark its outline on 
the lamina. Suspend the lamina about 
another hole. With the help of the 
plumb line, draw the vertical from the 
axis of support, when the lamina hangs freely. The centre of 
gravity of the lamina must lie on each of ‘the lines. .So, the point 
of intersection G of the two lines gives the centre Of gravity of the 
lamina. Verify by suspending the lamina from the third hole and 
drawing a vertical from it when it hangs freely. This line also 
must pass through the point of intersection G of the two lines. 





Fig. 17 


EXPERIMENT 8 


INCLINED PLANE 
Aim :—To find the mechanical advantage of an Inclined Plane 
when the power acts (1) parallel to the plane and (2) horizontally. 


Apparatus required :—Inclined Plane with roller, scale pan 
and a box of weights. | 


Description and Procedure :—The inclined plane consists of 
x rectangular base-board about 40 cms in length and 5 cms. in 
breadth,. to which is attached by a -hinge at one end another 
similar board about 50 cms. in length. A glass plate is fixed to 
the top of this board which functions as the inclined plane. By 


J 


means of a vertical stand and clamp, the inclined plane can be. 


fixed at any angle of inclination to the base board. A heavy 
brass roller is placed on the plane, and a string tied to it is passed 
over a small pulley fixed at the top of the plane. A scale pan is 
hung from ‘the other end of the string. By adding a suitable 
. ’ 


é, Z Sede 2 te ‘a — 


iNCLINED PLANE . a 


Weight to the scale.pan, the roller can be kept in equilibrium on 
the plane. In practice, this weight varies over a large range, 
depending on the friction between 


the plame and the roller. The | ae | 
provision of the glass plate is to on Z 


reduce this friction. Even so, Se 
there will be an appreciable range. A S L\ 


Hence, the mrce Deemed toukcop ,- Wa *F 
the roller in’ equilibrium is detgr- = 

mined by noting the weights adiicd 
when the roller just moves up the plane with uniform veldcity 
and the weights added when the roller just moves down the plane 
with uniform velocity and taking their mean. The plane is fixed at 
various angles of inclination to the horizontal and the weight 
required to maiStain the roller in equilibrium is determined. The. 
weight of the roller is found by a spring balance. | 


Fig. 18 


The mechanical advantage ae: when the power is applied 


parallel to the plane, is given by, : 
W i | 
Pech sin a 
Where Wis the weight of the roller. 
P is the weight required to keep the roller in equili- 
brium on the plane. 
lis the length of the plane. 


h is the vertical height of the top of the plane from 


the base. ‘ 
“aoa is the angle of inclination of the plane. 
— Sh Wein a or P= XS : ae 
 Tabulate the readings as follows :— 
( 2 ETE POT SE ESE REE TI NN 








Force required to keep 
gle ‘Length Vertical Weight|  soller in equilibrium 













of 1 
roller ihe igen 
 W 

To To 





naove | move 
| roller | roller 
‘ up | down 
* P, | Po 


P= 





Pcale Vertical |Length Mes | roller in equilibrium 
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(2) When the power is applied horizontally, the mechanical 
« 
advantage is given by — where “‘a’”’ is the angle of inclination 


ofthe plane to the horizontal. So, 9 


P . 7 
—. = tan a-or P = W tan ai 
W 


- This can be verified, if the inclined plane has a central slot in 
it, about I cm. wide, running through its length. The string tied 
‘to the roller is taken through 
this slot, passed over a pulley 
and tied to a scale pan in which 
weights can be -placed.-——iiie 
pulley Can be raiged or lowered 


and fixed irk such’a position that 
the string is horizontal. Weights 


are added to the scale pan so as 
Fig. 19 | to keep the roller in equilibrium, 
: when the string tied to it is hori- 





zontal. This weight is the mean of the weight added when the 


roller just moves up and the weight added when it just moves 
down from the equilibrium position. As the horizontality of the 
string will be affected, if the roller moves up or down over a large 
distance, the above method has to be adopted. Keeping the 
plane inclined at various angles, the power required to maintain 
the roller in equilibrium is determined and the formula verified. 


Tabul&te the readings as follows »— 








| < 


Force required to keep 


| 


of | height of on plane 
















incH= Sot fe iete (ee on eee ee 
nation) plane b ; 
¢ h To | To Wtan a ee 
move | move P, +P : 
roller | roller |\P=—b+_——2 lb 
. up | down 2 is i 


Pos Ps 
©, 
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os EXPERIMENT. 9° py 
SPECIFIC GRAVITIES OF SOLIDS AND LIQUIDS 


Aim :—To determine the specific gravity of (1) an insofuble 
solid denser than water, (2)ram-insoluble solid which floats on 
water, (3) a liquid and (4).a soluble solid, using a hydrostatic 
balance. 

Apparatus required:—Common balance, hydrostatic bench, 
an insolubse solid denser than water, alight insoluble solid (cork 
or wood), a.soluble solid, a be@ker of water and a beaker of liquid 
Gre-which.the solid.does not dissolve), .paraffin wax, sinker, glass 
stopper. 

-Procedure:—(1) Specific gravity of an insoluble solid,* denser 
than water. - 

Take a ‘piece of thread and 
dip it in molten wax, so that it 
will not be wetted by water. 
‘Scrape the excess of wax and take 
two equal bits of the thread. Place 
them, one in each of the pans 
of the balance and find the zero 
resting point. Suspend the given 
solid from the hook of the left 

hand pan, using the string kept 
omit. Find the weight (W,) of 
the solid correct to three places of 
decimals. Place the hydrostatic 
. bench across the left hand pqn 
ithout its touching the pan at. 
y Place ‘the beaker of 
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Enter the readings as follows :— 


a 





Weight of the solid in air ie Ny 
Weight of the solid in water = We 
* Loss of weight in water = (W, — W,). 
, awh W 
*, Specific gravity of the solid = Se 
mere. (W, — W,) 


(2) To find the specific gravity of a light solid 
like cork or wood 


Sus-end a heavy solid from tke hook in the left hand pan so 
that it is completely immersed in the beaker of water kept on the 
hydrostatic bench. Find the weight (W,). Tie the cork to the 
string at such a place that the cork is in air and the sinker is 
under water. Find the weight (W,). Then (W, — W,) is the 
weight of the cork in air. Slip the cork down the string so that 
both cork and sinker are immersed in water.« The’ weight of the 
sinker must be such that the cork and sinker are completely 
immersed inside water. Find the weight (W,). Then (W,—W,) 
will give the loss of weight of cork in water. 


Enter the readings as follows :— 


Wt. of sinker in water = 9 W erams: 
Wt. of sinker in water and cork in air = W, grams. 
Wt. of sinker and cork in water = W> grams: 


! 


Wt. of cork in air (W, — W,) grams. 

Loss of wt. of cork in water = .(W, = Wy etae 
Weight of cork in air 

Loss of weight of cork in water’ 








*, Specific gravity of cork = 


» 





_ (3) To find the specific gravity of a liquid. 


Take a solid, say a glass stopper, which will not be acted on 
by the liquid. Suspend it from the hook of the left hand pan and 
find its weight (W,) in air. Introduce the beaker of water under 
it on the hydrostatic bench and, taking the usual precautions, find 
the weight (W,) of the glass stopper in “water. . Remove the beaker 
of water. Dry the solid and the string ‘with filter paper, so that 
all traces of water are removed from them. Introduce the beaker 


2 
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of liquid under the solid, so that the solid is immersed in the 
liquid. Find the weight (W,) of the solid in the oat 


Enter the readings as follows :-— 


Weight of solid in air =a, As 
Weight of solid in water = Wea 
Weight of solid in the liquid SW a 
Loss of weight of solid in water = (W, — W,) 
Loss of weight of solid in the liquid = (W, — W,) 


The loss of weight sustained by a solid when immersed in a 
ie $s equal to the weight of an equal volume of the liquid. 
. Specific gravity of liquid 


° _ Weight of a certain volume of liqujd 


~ Weight of an equal volume of water 
__ Loss of weight of the solid in the liquid 
, Loss of weight of the solid in water 
= LW. WD) 
: OW AWN 4) 


(4) To find the specific gravity of a soluble solid 

















(a) Using a liquid in which the solid does not dissolve :— 

Suspend the soluble solid from the hook of the balance using 
a string. Find its weight (W,) when it is suspended in air. Bring 
the beaker of liquid, in which it does not dissolve, under it on the 
hydrostatic bench and immerse the solid in it. Find the weight 
(W.). Determine the specific gravity of the liquid by the method 
indicated previously or using a specific gravity bottle. 


Enter the readings as follows :— 








Weight of solid in air Bee Ny 
Weight of solid in liquid Saige) i 
.. Loss of weight of solid in liquid = (W, — W,). 
.”. Relative density of solid with respect | _ ae es 
to liquid "OV = ON ee 
If sis the specific gravity of liquid, s 
oe nee tee WwW. 
Specific gravity of solid = (W, — Ww, x § 


(b) Using paraffin wax for covering the solid. 

Find the weight W,) Sf the solid alone in air, ‘suspending it 
from the hook in the left hand pan. Dip it,in molten paraffin 
wax, so that it gets completely coated with the wax? Suspend it 
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again and find the weight (W,) of the combination. Place a - 
beaker of water under it on the hydrostatic bench. Immerse it | 


completely in it'and find the weight (W,). Determine the specific 
gravity (s) of the wax used, by an independent method. « 


Enter the readings as follows :— 





Wt. of solid in air he 
; Wt. of solid nd wax in air == We | 
*, Wt. of wax in air : ; = 9 — W,) ’ 
Wt..of solid and wax in water = W. 
.. Loss of weight of solid and wax in water = (W, — W,) 
"= Loss of weight of wax alone in water eal Ns re ae . 
Loss of weight of solid alone in water = (W, — W,)_ fe ’ 
: _ (ies Wa) 
e © © ; S 
Specifi ty of solid Hn 
ecific gravity of soli agen <r ES 
Pp eo (W, — W,) 


EXPERIMENT 10 


SPECIFIC GRAVITY BOTTLE 


Aim :—To determine the specific gravity of (1) a liquid and 
(2) insoluble and soluble: solids in the form of small ge or 


pe é 


pt ha FS i a ern nes a 






powcer. 
Re pe required , —A eects gravity — 

bottle, liquid, insoluble and soluble solids - in ig 

small bits or powder which can be “introduced 


voip the bottle. . - 2 .2ceg ag. gs a 


i pescrption :-—The specific gravity bottle i is a 
small, glass vessel which can hold a- finite 


er a narrow mo ti 


"aes 
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stopper. With the stopper always in the same position, ‘the 
bottle holds the same volume of liquid. 


Procedure :—({1) Specific gravity of a liquid. Take a clean, 
dry specific gravity bottle. {If itis not clean, rinse it with some 
caustic soda solution to remove grease in it. Wash it with water 
and then, with some nitric acid or sulphuric acid. Again wash 
it thoroughly with water. Add a few drops of alcohol and dry 
it in a current of hot air]. Find its weight (W,) correct to three 
places of decimals. Fill it completely with the liquid taking care 
toesee so that no air bubbles are formed inside. HandJe_the 
bottle in the folds of a towel and gently slip in the topper with- 
out exerting pressure on it. If it is handied with the bare hand, 
‘its warmth may produce, expansion of the liquid. Clean well the 
outside of the bottle and find its weight (W.) again. Remove the 
liquid from the bottle, clean it well and fill it with water. Find 
its weight W,.- Now, (W, — W,) is the weight of the liquid filling 
the bottle and (W, — W,) is the weight of water filling the bottle. 
They represent the weights of equal volumes of the liquid and of 
water. 


Enter the readings as follows :— a 
Wt. of specific gravity bottle = W, grams. 
_ Wt. of specific gravity bottle + liquid = W, grams. 
Wt. of specific gravity bottle + water = W, grams. 


ies (W., — W,) 

ok -. Specific gravity of liquid = (W, — W,) 
= ae -@ Specific gravity of an insoluble solid—(Lead shot, 
| of i iron wire or any insoluble powder). ° 
eS ‘Find the weight (W,) of the obak dry specific gravity ‘bottle. 
+ rtroduce the. solid into the bottle and find the weight (W, Ss 








(Va W,) is the weight of the solid in air. Fill the bottle ‘ 
bW.) with water, py the. usual DEC outons. Find the 


- the aaa. Empty. the bottle and fill it completely with 
, aa Find its weight (W,). (Ws — W,) is the weight of 


bottle. Obviously, (W, — Ww o We Wo) 
ee of as — = 

et SS ae 

ce a ut ae 






Ei | ’ . ¥ 
ser i, * 4otn 
erst, peal wee | ae ‘ A 
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Enter the readings as follows :— ; 
Wt. of Sp. Gr. bottle = W, grams. 
Wt. of Sp. Gr. bottle + solid = W, grams. 
Wt. of Sp. Gr. bottle + solid + water = W, grams. 
Wt. of Sp. Gr bottle + water = W, grams. 
". Weight of solid in air = (W, — W,) 


Weight of an equal | __ 
volume of water ae: WA eee W,) 


*, Specific eee es as 
of solid aed eas | ee i WW) Se Ne 

- [Note.—By following the method given below, one of the 
weighings can be avoided. It can be adopted, if there is no 
objection to placing the solid on the pan. Place the solid on the 
left hand pan and find its weight (W,). Fill the specific gravity 
bottle with water, keep it by the side of solid on the pan and find 
the weight (W,). Take out the bottle, carefully introduce the 
solid into it, insert the stopper and find the weight (W,) now. 
The solid will displace an equal volume of water and it is clear 
that (W,) will be less than (W,), by the weight of an equal volume 
of water. 





ye atten, 24 
(W, Sie W;) | 
(3) Specific eravity of a soluble solid 





(Fragments of a soluble solid or soluble powder). 


Find the weight (W,) of the clean, dry specific gravity bottle. 
Introduce the solid into the bottle and find the weight (W,). 
Fill it. completely with a liquid in which the solid does not 
- dissolve. Find the weight (W,). Empty the bottle, fill it com- 
pletely with the liquid alone and find the weight (W,), Empty it 
again, wash it well and fill it completély with water. Find the 
weight (W,). 

Enter the readings as follows :— 
Wt. of Sp. Gr. bottle = W, grams. 
Wt. of Sp. Gr. bottle + soluble solid = W, grams. 
Wt. of Sp. Gr. bottle + solid +®liquid = Ws, grams, 
Wt. of Sp. Gr. bottle + liquid = W, grams. 
Wt. of Sp. Gr. bottle + water = W, grams. 
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‘. Weight of selid in air-= (W, — W,). 


Weight of an equal | __ 
volume of liquid f a Wie Wy WW) 
.”. Relative density of Sb we Wa” 
solid with respect > = 1 
to the liquid J (W, — Wy) — 7.) — W, — W,)’ 


Specific gravity of | _ (W, — W,) 


liquid ae, Wo) : 
ee gravity ) Specific Relative density ) 

"of solid > =  ggavity x Of solid with res- ‘ 

‘ : of liquid pect to the liquid ) 
Oe W;,) (W, — W,) ee 








pW) Wes W)— Ws Wy) 
Note.—All the weights must be determined correct to “three 
_ places of Beas. : 


EXPERIMENT 11 
HYDROMETERS 


Aim :—To determine Specific Gravities using (a2) a Nicholson’s 
Hydrometer and (b) a Common Hydrometer. 


Apparatus :—Nicholson’s Hydrometer, Common 
Hydrometer, two tall jars, small solids, any solution 
or liquid whose specific gravity is required, a box of 
weights. 


(A) Nicholson’s Hydrometer : 


Description :—The Nicholson’s Hydrometer is a 
“constant immersion hydrometer.’’ It consists of a 
long, hollow, cylinder of nickel-plated brass. ending 
in cones. A long, narrow stem is attached to the 

top cone. It carries a circular disc on which small 
weighjs and bodies can be placed. To the bottom . 
cone is attached by means of a stirrup a hollow, 
* conical bucket carrying lead shot. The weight of the 
lead shot in it is such that the hydrometer can float 
vertically in,.water or any liquid, immersed up éo the 
bottom of the narrow stem. 
6 


/ ty ae : ; 
, es 4 ; : a 
PLAS = ~- e , bd ' 
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Procedure :—Specific gravity of a liquid :—Find the weight 
(W) of the clean hydrometer. Float it vertically in a jar of water, 
without its touching the sides of the jar. Remove carefully all 
the air-bubbles sticking to the surface of the hydrometer: Cover 
the mouth of the jar with a slotted disc which, while allowing the 
hydrometer to freely move up and down, will prevent undesirable 
immersion of the jar. Add small weights to the top pan till the 
hydrometer sinks up to a fixed mark M on the stem, a little below 
the top pan. Note the weights (W,) :added. Remove the weights 
and the hydrometer. Carefully dry the hydrometer and float it 
in-thie liquid, taking the same precautions as before. Add weights 
(W,) to the top pan, till the hydrometer sinks up to the same 
mark, ‘in the liquid. Since the hydrometer sinks up to the same 
mark in both liquid and water, equal volumes of liquid and water 
are displaced. The weight of a floating body ss equal to the 
weight of the displaced liquid. Hence, ‘ 

Specific gravity of | __ wt. of the displaced liquid 


the liquid J ~~ wt. of an equal volume of displaced 
water 








9 


a _. wt. of hydrometer + W, _ W + W, 


wt. of hydrometer + W , oo AW 





Specific gravities of small solids:—-The specific gravities of 
small solids can be determined using the hydrometer. Float the 
hydrometer in water, taking the usual precautions. Place the 
small solid on the top pan. Its weight must be such that the 
hydrometer does not sink up to the mark. Add weights, till the 

r hydrometer sinks’ up to the mark. Remove the solid and place it ° 

on the bottom pan (top surface, of the conical bucket). Again 

a add weights on the top pan till the hydrometer sinks up to the 

same mark. Let W, be the weight requiredjto sink the hydrometer 

- _ypto the mark in water, W, the weight*required when the solid is 
on the top pan and W,, when it is on the bottom pan. Then, it is - 
leg 2 clear that - (W, — W,) is the weight of the body in _ 
eae +f > a ae is the weight of the ey, in water. ot | ii 


fae 
@ 7 










rhe Soak 
eae 


weight in air 
"wei in air — weight in 





cific iene: of ae, solid = 
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Determine the specific eravities of a few,*more small solids. If 
the solid is a light substance like cork, then, while finding its 
weight in water, tie it to the lower pan with a piece of thread, 


Tabulate the results thus :— 


' 





2 ELS TS ES a ACT 


Weight re-|Weight re- | Weight a 





quired to | quired quired | Weight of| Weight of ee ee 
Solid sink up to with solid with solid| body in | body in (Ww “Ww. ) 
mark 1 in in upper | inlower | air | __ water = le Da AT 
water pan pan |(Wy -Ws) (W,; - Wa) (W,-Ws) 
Wi Ws 





ve, | 





(B) Common Hydrometer 
Description :—The 
weight hydrometer ”. 
of glass with as long, narrow stem atits top. It ends 
in a spherical bulb at the bottom. The bulb is loaded 
with mercury or lead shot, to make the hydrometer 
float vertically in a liquid, with part or whole of the 
stem above the surface of the liquid. The stem ise 
usually graduated. To find the specific gravity of a 
liquid, the hydromeier is floated in it. The reading 
on the stem, up to which the hydrometer sinks gives 
directly the specific gravity of the liquid. The reading 
at the top of the stem corresponds to the lowest 
specific gravity and the reading at the bottom, to the 
highest specific gravity that could be determined with 
the given hydrometer. For different ranges, different: 
hydrometers have to be constructgd. 


_A_ hydrometer in an paetaduated stem can be 


Biind as follows :— 


Common Hydrometer is a ‘“ constant 
It consists of a hollow, cylindrical body 





Fig. 23 <= 


Let a point near the top of the stem correspond to a 





C gravity s,. 


known specific gravity s, and a point near the bottom, to a known 
Let / be the length of the stem between the 


i mar ‘ 5, V the volume of the lower portion of the hydrometer up 





Vs = 8) is 
ee: 


wer, es bet “a be the uniform area ot cross section 
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ie 
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If /, is the length corresponding to an intermediate specific 
gravity sx, then, 


(Vox Sc CV aac 


© 





a a ... (ii) 
iy ey ay V (Ss, — 8,1) 
pa S; be 
pen ee aa oe : 
Sx ( S83 — 8, ) ; 


Knowing I, 8,, S, and sx, /x corresponding to s, can be calculated. 

Float the hydrometer in a liquid of known specific gravity 
S, , Walch is such that the hydrometer floats up to a mark near 
the top of the stem. Mark the point. Float it next in a liquid of 
such a specific gravity (known) s, that it floats up toa mark near 
the bottom. Mark the point. Measure the distanee / between 
the two marks. Using the formula given above, calibrate the 
stem for specific gravities lying between s, and s,. 


1) 


EXPERIMENT 12 
FORTIN’S BAROMETER—BOYLE’S LAW 


Aim :—(a) To read the Atmospheric Pressure with a Fortin’s 
Barometer and standardise it; (b) To verify Boyle’s Law. 

Apparatus required :—Fortin’s Barometer, Boyle’s Law 
Apparatus, Quill tube with a thread of mercury enclosing a column 
of dry airinit. 

(A) Fortin’s' Barometcr 

Description :—The main feature of the Fortin’s Barometer is 
the arrangement incorporated in it for keeping the level of 
mercury in the reservoir, constant, so that, the fluctuations of the 
- mercury level due to changes of atmospheric pressure may not 
affect the reading. The reservoir is a cistern of glass, with a 
bottom made of thick chamois leather, which can be raised or 
lowered by a plunger under it, worked” by a screw S at the bottom. 
The lower portion of the glass cistern is protected by a brass case, 
while through the upper portion, the mercury level inside can be 
seen. The barometer us above is surrounded by a brass jacket 


— 


> 
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for protection and for carrying a fixedescale. The bottom of 
the brass jacket acts as a lid for covering the cistern. To 


the lid is fixed an inverted ivory index which 
projects into the cistern. The tip of the ivory 
index coincides with the zero of the scale marked 
on the instrument at the top, for measurement of 
atmospheric pressure. Hence, when the level of 
the mercugy just touches the tip of the ivory index, 
it coincides with the zero of é@he scale. The brass 
jacket has openings at the top, in front and 
behind, with a central slot through which the baro- 
meter tube is visible. Brass scales referred to 
already are provided on both sides of the slot, on 
one of which inches and its subdivisions are 
marked and on the other, cms. and mms. A 
vernier bit on which verniers to suit the two 
scales are marked, slides up and down the slot, 
operated by a side screw in the brass jacket. The 
bottom of the vernier bit is the zero of the vernier. 
Behind the open slot at the top, a plane mirror or 
a milk white plate is fixed to the board on which the 
barometer is mounted. The image of the mercury 
level is seen in the mirror and helps to eliminate 


errors due to parallax. A thermometer T is fixed to. 


the barometer case for measuring the temperature 
of the air at the time of reading the atmospheric 
pressure. 

Procedure s—Read_ the temperature in the 
thermometer attached to the barometer. Find the 
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Jeast count of the vernieys. Work the screw at the bottom of Ate 
barometer, so that the level of mercury in the cistern goes below 
the tip of the ivory index. Then, raise it gently till the tip of the 
index just touches the mercury surface. The image of the index 
in the mercury helps to make this adjustment correctly. This can 
be easily and accurately qéhe, if the mercury surface is clear and 
free from dirt. Then, working the side screw which operates the 
vernier bit, raise it above the level of the mercury in the tube. 
Gradually lower it till the lower edge of the vernier is in the 


we 
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horizontal plane passing through the top of the convex surface of 
the mercury. With the help of the image of the surface seen in 
the plane mirror, this can be done accurately without parallax 
error. Read the vernier. The main scale reading plus the reading 
of the coinciding division on the vernier gives the atmospheric 
pressure. 

To standardise the above reading, to give the correct atmos- 
_ pheric pressure, corrections have to be applied for (1) expansion 
of mercury and of the brass scale due to temperature, (2) capillarity 
(3) index error and (4) changes in the value of “ g” due to 
latitude and altitude. But, for all practical purposes, the correc- 
tions due to temperature alone are applied as the others are more 
or Jess negligible. : 

If tis the room temperature, t, the temperature at ‘which the 
scale has been marked, “‘a”’ the co-efficient of linear expansion of 
the material of the scale, “‘b’’ the co-efficient of volume expansion 
of mercury, H, the reading taken at room temperature t, then 
H, the standardised atmospheric pressure is given by, 


Ho =H, 4 1 —at+b(t—t, ) : 
For mercury, a = 0'0001819 
For brass, b = 0°0000184 
He He | — 0:0001819 t + 0-0000184 (t — t, ) \ 
Read the atmospheric pressure and standardise it. 
(B) Boyle’s Law 
Aim :—To verify Boyle’s Law , by using (1) the Boyle’s Law 
apparatus and (2) the Quill tube. 
— Apparatus required :—Boyle’s Law apparatus, Quill tube. 


: (1) Boyle's Law apparatus 

Description :—A cylindrical glass tube T closed at the top and 
a similar glass tube R open at both ends are connected together’ by 
a thick walled rubber tube and mounted on a tall vertical wooden 
stand. In between the two tubes is fixed a meter scale, graduated 
in cms. and mms. on. both sides. The closed tube is fixed at the 
middle while tke open tube can be moved up and down and fixed 
in any position with aclamp on a metallic rod at the side. 
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Clean, dry mercury fills about half of the closed tube, the rubber 
tube and about half of the open tube, 
when the two are fixed at the same 
level. *Above the mercury in the closed 
tube is enclosed a certain mass of dry 
air while the mercury in the open tube 
is exposed to the atmosphere. 





Procedure :—Read the atmospheric 
pressure from a Fortin’s Baremeter and 
standardise it. Adjust the movable tube 
till the mercury levels in both the tubes 
are in the same horizontal line. The 
pressure of the air in the closed tube is 
equal to the atmospheric pressure. Note 
the readings on the scale, of the top of the 
closed tube and of the mercury level in it. 
The difference gives the length of the air 
column which is proportional to its 
volume, as the cross-section of the tube is 
uniform. Now, raise the movable tube so that the difference in 
the mercury levels is about 10 cms. Note the readings on the 
scale, of the two mercury levels. The pressure of the air inside 
the closed tube is equal to the atmospheric pressure plus the 
difference in the mercury levels. Raise the movable tube so that 
the difference in the mercury levels is 20 cms., 30 cms., etc. and 

, read the difference in the levels in each case. Then, lower the 
tube so that the mercury level in it is below the other by 40 cms. 
20 cms., 30 ems., etc. The: pressure of the enclosed air. ‘is‘now 
equal to the difference between the atmospheric pressure and the, 
difference in level betwegn the two. Tabulate the readings as 
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follows :— 
ae oo ae an ee | 
JReading of Reading [Length of Reading Difference , Atmos-| Total] Total 
| mercury | of top | enclosed | of mir- in mercury, pheric | pres- | pressure: 
in closed jof closed air |cury in; levels ‘pressure! sure x 
tube | tube | column pen a—c Po. IP p) deneth 
a b Dea tube | (P+p)i 
pt) C a (gine ot, | 





__ The values in the last column will be constant. 
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’ Graph :—Plot the length (proportional to volume) of air 
column on the X AXIS and its pressure on the Y axis. The 
shape of the curve will be a rectangular hyperbola. 


(2) The Quill tube 


Description :—The quill tube is a long glass tube AB with a 
narrow, uniform cross-section (say about 0°25 cms.), and about a 
metre in length. Hot, dry air is passed through it. A thread 
of clean, dry mercury about 20 cms. long is drawn into? it and one 
end A of the tube carefully sealed, so that the mercury thread 
encloses a column of dry air about 25 cms. long between it and 
the closed end. It is then tied to a metre scale. 


Procedure :—The quill tube is clamped horizontally. The 
pressure of the enclosed air is then equal to the atmospheric 


{ 
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pressure. The length of the air column is measured on the 
attached scale. It is proportional to the volume as the tube is 
uniform in cross-section. The quill tube is then gently rotated and 
clamped in a slanting position, with its open end Bup. The pressure 

of the air inside increases and is equal to the atmospheric pressure 
“plus the difference in vertical height h between the ends of the 
mercury thread. This is obtained by measuring the vertical heights 
of the two ends of the mercury thread from the surface of the table 
and finding their difference. The length of the enclosed air column 
is noted, After taking three or four readings with the open end 
up, the quill tube is gently rotated so that the open end is below 
the level of the closed tube. The press are of the enclosed air is 

now less than the atmospheric pressure and is equal to ‘the 
atmospheric pressure minus the difference in vertical height 
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between the ends, of the mercury thread. This difference in 
vertical height is measured as before. The length of the enclosed 
air column is measured. Three or four readings are taken keeping 
the opey end below the level of the closed tube. The lengths’ of 
the air column and the corresponding pressures are thus known. 
The readings are tabulated as follows :— 









Vertical Height of 
mercury thread 






i SG Pressure 

= 17-| Meight ; Total x 

ee of the Difference ee Pressure} Length 
other in height Pt+h | (volume) 


(P + hj/ 





The values 1 in the last column will be constant. 


Graph Plot as graph, representing the lengths of the air 
column (proportional to volume) along the X axis and the corre- 


sponding pressures on the Y axis. The curve will be a rectangular 
pypervola. 


SECTION II 
GENERAL PHYSICS 


EXPERIMENT 13 
SURFACE TENSION BY DROPS 


: Aim :—To determine by the method of drops (1) the surface 
tension of a liquid and (2) the interfacial surface tension ef two 
immiscible liquids. 3 ae 

-Apparatus required :—Burette, two glass tubes of 3 to 5mm.e 
bore, two or three small° beakers, Vernier Microscope? Hare’s 
apparatus, 


Sek (1) Surface Tension of a liquid 
Procedure :—Mount a clean burette vertically in a burette 
stand. Attach a short lengfi of rubber tubing to its lower end. 
Insert the given glass tube into the rubber tube and adjust it so that 
its mouth is horizontal. The glass tube east firs’ be cleaned 
it 
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thoroughly with caustic soda solution to remove traces of grease. 
It is then waShed in water and rinsed with dilute nitric 
[7 acid. -Finally wash it well with tap water. If the burette 
has no stop-cock, attach a pinch clamp to the rubber 
tube. The stop-cock is closed. The liquid whose surface 
tension is required, say water, is poured into the burette. 
A beaker is placed under the burette. The stop-cock is 
opened slowly so that the liquid passes to the tube below 
and leaves it drop by drop. Adjust the flow so that the 
drops form slowly and fll down, at the rate of about 
20 to 30 per minute. Weigh a small, clean, dry beaker 
|| _. correct to three places of decimals. Place it under the 
Lal tube and collect about 100 to 150 drops. Find the weight 
ia again accurately and calculate the weight of each drop. 
Repeat three or four times and find the mean weight of. 
a drop. Close the stop-cock. Remove the tube. Mount it 
horizontally on a stand. With the vernier microscope, find its 
external diameter, horizontal as well as vertical. Find their mean 
and calculate the radius. 
Dip the end of the other tube in eanaliae paraffin. Allow it 
- to cool and scrape off excess paraffin, if any. The liquid will not 
wet paraffined glass and in this case, the drops will form from the 
inner edge. Perform the experiment as before and find the mean ~ 
weight of a drop. With the microscope, measure the internal 
diameter in two perpendicular directions and find their mean. 
Calculate the radius. 
To find the surface tension of any other liquid, remove the 
water, allow some of the liquid to run through the apparatus to 
remove traces of water. Pour the liquid in the burette 
and repeat the experiment as before. 


Calculations :—If the drdép is formed slowly, it 
assumes a cylindrical shape before it breaks away. The 
diameter of the cylinder is equal to the diameter of the 





ih 





< f--tube. Then, it can be shown that the weight of the 
_" drop mg = xrT where T is the surface tension and r the — 
Sad radius of the tube. Y 
ae ° . 7 mg “ * 
: © 9° yr wr ‘ 


a> 
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[The value of 1, however, has to be assumed to be 3°8 and 
not 31416. This is known as Rayleigh’s correctian.] 3 


Tabulate the results as follows :— 


I. Clean tube. Liquid used ts 

































- 
f 
: Nie ae Weight of : 
Trial drops = | Weight of 
“No. collected Beaker | n each drop 
(n) Beaker 4} drops 
. oe oo alone ; 
: Bo ican Sight of a ae ==), 210s, 2 
2. HI. tect tube. Liquid used is 
é aa ——— 
< ae Weight of 
No. of 
Trial No. drops | 5 NEES of 
‘ collected Beaker ae 
( Beaker | + de drops 
n) | Sal alone 
*, Mean weight of a drop = Meso rams: 
Mean external diameter of clean tube = fT, cms. 
Mean internal diameter of paraffined tube = fr, cms. 


m, 8 O M, 
381,  38r, 








° | (2) Interfacial Surface Tension 


Procedure :—Pour the heaveer liquid into the burette and the 
. fighter liquid into a clean beaker. Use the clean glass tube. Deter- . 
mine accurately the weight of the beaker and liquid. Place the 
a beaker under the burette and introduce the tube into the Yiquid in 
gee e beaker. Open the stop-cock of the burette partially, till drops 
_ fornsstowly and sink into the liquid in the beaker. After collect- 
ei Fag ig 50 to 100 drops, remove it and find the weight. From this, 
. find the total weight of thedrops and calculate the weight of each 
See rop. Repeat the experfment using another weighed beaker. 
‘al alate the peat of each ne formed fh the yard in the 







‘ se 
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With a Hare’s apparatus, find the relative density of the two 
liquids. Half a dozen different heights must be taken and the 
mean relative density determined. 


Due to buoyancy, the upward thrust on each drop formed 
mg 
dy 
heavier liquid in the burette and d,, the density of the lighter 
liquid in the beaker. So, the apparent weight of the drop will be 


no mS or mg . i= - : . 


a | poe 
so ee 


Where = is the relative density of the lighter liquid with reference 
at : c 
to the heavier and r is the external radius of the tube. 


inside the liquid will be x d, where d, is the density of the 








Tabulate the results as follows :— 
I. Mean weight of a drop. 


J 


| Weight of 











No. of ee o beaker | Weight | Weight 
Trial drops * x + lighter; ofn | ofeach 
No. collected cs ii re liquid dpoeseaaeee 

(n) nee + drops 
*, Mean weight of a drop = m grams 
Mean diameter of the tube ==. 7 ems: 


II. Relative density—Hare’s apparatus :— 


+ 





| Height of Height of | Relative density 
| Trial No. ;} heavier liquid | lighter liquid iy ee ie 
e He, | Is - d, hs 
a 
Mean relative density of lighter liquid with } ’ 
er ae c= 
reference to oe liquid ( d, ) J 
mg (,_ de 
ja 38 d, 








ee 


_ liqurd that rises into the tube wets the 
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* EXPERIMENT 414 | 


SURFACE TENSION OF A LIQUID BY 
e CAPILLARY RISE i 


Aim:—To determine the surface tension of a liquid by 


capillary rise. 


Apparatus required :—Vernier Microscope, capillary tubes. 
drawn out tubes, water or liquid. © | 


Procedure :—The tubes used for surface tension experl- 
ments must be perfectly clean. Any contamination, particularly 
grease, will considerably alter the surface tension. ‘So, clean the 
tubes first with caustic soda solution. Wash with tap watér and 
then rinse them with fitric acid. Give a final wash with tap 
water. Tap veater gr well water is free from oil or grease. 


~ 


Take a two holed rubber stopper. Pass the capillary tube C - 


through one of the holes and a long knitting needle P with a 
pointed end through the other. The holes 

must be of such a size that the tube and R 

the needle fit into them. Fix the rubber 
stopper in a retort clamp so that the 
tube and the needle are side by side and 
vertical. This may be tested by a ARS 
plumb-line. 











liquid under the capillary tube. Raise 
it so that about two or three cans. of r 
the tube are under the liquid. A short 
length of rubber tubing R is attached 
to the top of the tube. ‘When this is 
pressed and released repeatedly, the 


Place a beaker of water or the fi I 


tube and will be free from tiny air 
bubbles. Adjust the needle so that’ its 
end just touches the sugtace of the 
liquid in the beaker. This adjustment 
must be made with care. 
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Set up the vernieremicroscope in front of* the capillary tube. 
Turn the microscope so that its axis is horizontal and passes 
thrqugh the centre of the capillary tube. Adjust the eye-piece so 
that the cross-wires in it are seen distinctly. Focus the microscope 
on the tube. Raise or lower it till the level of the liquid in the 
tube is in the field of view. Adjust the microscope so that the 
liquid meniscus is in clear focus. Raise or lower it carefully so 
that the horizontal cross-wire is tangential to the bottom of the 
meniscus. (If the liquid wets the, glass, the liquid surface in the 
tube will be concave. The inverted image of it seen in the field of 
view will be convex). Take the reading on the vertical scale of the 
microscope by noting the readings on the main scale and the 
vernier scale. By pinching the rubber tube at the top or by raising 
the beaker of liquid a little and lowering it; disturb the level of the 
meniscus. Adjust again so that the horizontak cross-wire is tangen- 
tialto the top of the meniscus and take the reading. Repeat a 
number of times. Introduce a thermometer into the liquid and 
measure its temperature. ently lower the beaker of liquid and 
remove it. “Lower the microscope and adjust itso that the cross- 
wire coincides with the tip of the needle. This represents the level 
of the liquid in the beaker. Take the reading. The difference 
between this reading and the mean reading taken of the meniscus 
will give the height of the liquid risen in the tube, Repeat the 
experiment twice or thrice. 


If the capillary tube used is uniform, you may find its radius 
using the vernier microscope or a mercury thread. Hold the tube 
: in a horizontal position. Focus the microscope on 
& : “ 
the end of the tube. Measure the horizontal and 
the vertical diameters and calculate the mean 
diameter and radius. 





If a drawn out capillary tube is used, its 
; cross-section will not be uniform. The radigis at 
~ the place where the meniscus stood has to be measured. So, this 
~ place is carefully noted. The tube is removed. Make a fine file 
ie mark at the place and gently breakNt there so that a circular 
section 1S obtained. Measure the mean diameter of this circular 
, openine, with a vernier f microscope and calculate the radius. 


Fig. 30 


‘of 
e 


SURFACE TENSION OF A LIQUID BY CAPILLARY RISE 55 
@ 3 


Find the specific gravity of the liquid, if it is other than water, 
using the Hare’s apparatus. Take half a d8zen readings for diffe- 
rent heights of the liquid and water. Note also the temperature 
of the liquid. - 


Calculations :—Let h be the height of the liquid in the tube 
above the level of the liquid in the beaker, due to capillary rise, 
Let r be the radius of the tube, d density of the liquid and T the 
surface tension of the liquid. Then, | 


Tf — TE Je ae 
B fen +f 


E is the correction for the meniscus. | 


Tabulate the readings as follows :— 
The liquideused was water at 29°C. 


I. Height of the liquid in the capillary tube— 


Least count of the microscope = 0°001 cm. 











Reading of tip Difference in 
of needle height. 





Reading of 
bottom of 
meniscus 


ee: Prial 
No. 








PS 7-818 ems. ? ) 6:231 cms. 
2 Palys. 1:587 cms. ; 

| 

J 
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( 


II. Radius of Capillary tube— 


It was measured’ using a mercury thread. 
Average length of mercury thread = 5:032 cms. 














: Weight of mercury =O TS ois. 
Pen see er ie tes 
Radius t= se RiCEGE ee 
== ' 002 3-Cms. 
ee 023 De ae 0°023 ) 
_T= Ke x { 6250 + 
—-0°023 x 980 x 6:258 
ae cee : 


= 70°7 dynes per cm. 
~. The surface tension of water | — ,,. 
by capillary rise -at.29° C.f = 70°7 dynes per cm. 


sa 


Ch) 


' EXPERIMENT 15 


SUREACE TENSION OF A LIQUID BY SEARLE’S 
: | TORSION BALANCE 
Aim :—To determine the Surface Tension of a liquid by 
Wilhelmy’s method using Searle’s Torsion Balance. 


Apparatus required :—Searle’s Torsion Balance, glass basin, 
thin rectangular glass plates (microscope slides), weight box. 


Description of Apparatus :—The Searle’s Torsion Balance for 
détermining surface tension consists of a heavy tripod stand with 
a hole at. 1ts  centregees 
sliding vertical rod carrying 
at its top a bracket is 
inserted in this hole. By 
a side screw, the rod can 
be clamped in any position. 
Stretched tightly across the 
bracket, is a steel wire 
about 20 cms. long. The 
Sends of the wire are 
passed into holes in the 
arms of the bracket and 





be. 
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held firmly by means of screws. At the centre of the wire, there 
is a nut which slides over it and can be clamped in any position 
with a screw. It carries on one side of it a long, flat pointer 
which tapers at its end. The end of the pointer moves over a 
vertical scale. About one cm. from the end of the pointer, a 
scale pan is hung. The scale pan has a hook at its bottom. On 
the other side of the nut, there is a short arm which carries a 
sliding weight which can be fixed at any positions One leg of 
the tripod has a levelling screw, by adjusting which, that leg can 
be Taised or lowered. : 


Procedure :—Rotate the bracket, so that the short arm with 
the sliding weight is vertically above the leg with the levelling 
screw. Any vertical force applied to the pointer produces torsion 
in the stretehed wire. When the force is removed, the 
restoring torsional couple brings it back to its equilibrium 
position. 


Clean the glass plate thoroughly so as to be free from grease 
and dirt. Insert it into a special double clip and hang.t from the 
hook at the bottom of the scalepan. The lower edge of the plate 
must be horizontal. So, adjust the position of the sliding weight 
till the pointer is horizontal. Place the glass basin with the liquid 
(or water) under the plate, so that the plate hangs with its lower 
edge about 4 a cm. or so above the level of the liquid in the basin. 
Adjust the levelling screw, so that, when the glass plate is gently 
pushed down so as to touch the surface of the liquid, it is just 
held down by the liquid due to the force of surface tension. 
This has to be done carefully, as yf is a delicate adjustment. * Note 
the readings on the scale opposite to the pointer (1) when it is in 
the equilibrium position and (2) when the glass plate is touching 
the surface of the liquids Disturb the arrangement aad take 
another reading. Repeat and take a number of readings, not less 
than dalf a dozen, at any rate. Remove the basin with the liquid. 
Allow the pointer to take up its position of rest. Add small 
weights to the pan so that the pointer moves down by just the _ 
distance through which it jnoved for the glass plate to touch the 
surface of the liquid. Obviously, this weight isequal to the force 
acting on the plate due to surface tension. ; 
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' Repeat the experiment a number of times. 


Remove the glass plate and measure accurately its length 
and the thickness at its lower edge using a vernier calipers and 
screw gauge respectively. 


Calculations :—Let / be the length of the lower edge and t its. 
thickness. A film of the liquid is formed on the four sides of the 
lower edge of the plate, over which the forces of surface tension 
act. If T is the surface tension, the total force due to it acting 
downward is 2(/ +t) T. This is equal to mg, where mg is the 
force due to the weight m added to the scale pan. So, 


DAA eet) a is 


. 2 eee ees 
ee 2(/+ t) 
Tabulate the results as follows: _ 
I Length of lower edge = cms. 
Thickness at lower edge = cms. 


IT. 








Readings of the pointer 
Weight required 
to produce 
Initial Final Difference same shift¥ 
reading | reading | in reading 

















Mean 
2 weight 
The mean weight m gms. wt 
7 ; pees | ee 
ese a Tet ty, 


°, The surface tension of a ae }- pee per oe 
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- EXPERIMENT 16 


SURFACE TENSION OF LIQUID BY QUINCKE’S 
DROP METHOD : 


Aim :—To. determine the Surface Tension of a liquid by 
Quincke’s drop method. 

Apparatus required :—A clean glass plate, clean dry mercury, 
Vernier Microscope. 

Procedure :—The method is usually used for determining the 
surface tension of mercury which easily forms a large drop on 
the clean surface of a glass 
plate which it does not wet. 
[It can also be used for water, 
by forming a_ fairly large 
drop of it Os a paraffined 
glass plate which it does not 
wet. | 

Place the clean glass plate on a levelling table provided with 
three levelling screws. Using a spirit level, adjust the screw so 
that the top of the table is perfectly horizontal. Form a large 
drop of dry, pure mercury at the centre of the glass plate. The 
top surface of the drop will be flat and horizontal. 


Set up the vernier microscope in front of the drop. Turn 
the microscope so that its axis is horizontal. Adjust the eye-piece 
so that the cross-wires are distinctly seen, one of them being 
horizontal and the other vertical. [Test whether it is vertical by 
focussing the microscope on a plumb-line.] : 

Focus the microscope on the mercury drop. - Move 
the microscope, laterally, so that the edge of the drop is ° 
in the field of view. Adjust so that 
the vertical cross-wire is tangential to 
the convex edge of the drop and the 
point of intersection of the cross-wires 
coincides with the turning point of the 
convex bulge. The readingon the vertical scale is taken. Raise the 
microscope so that the top of the drop is in focys. A few particles 
of iycopodium strewn on the drop will facilitatethis. When 
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the Honea cross-wire is flush with the top surface of the drop, 
take the reading. Lower the microscope so that the surface of the 
glass plate ie., the bottom surface of the drop is in focus. 
Make the horizontal cross-wire coincide with this surface and take 
the reading. | 
Repeat the manipulations and take a number of readings. 


Calculations :—The difference in reading between the top and 
the bottom of the drop gives H, the height of the drop. Let the 
difference in reading between the top of the drop and the turning 
point be h. Then, it can be shown that the surface tension is 
given by, | 





apes g Ph? 
Z 
= 0 H 
ir LN eee — eee ae 
2 V2x“h° | 0m 


where P is the density of the drop and 6 is the angle of contact of 
mercury with the glass surface. 


eu 8 the results as follows :— 

















] Trial cous of Reading of Reading of a a H, 
Hee 1. turnin top of | bottom of 
No. point drop. drop. 
: 2-1} Q- | 
1. 








From the mean values of h and H, calculate T and 6. 


Perform the experiment by forming (1) a large drop of pure 


mercury on aclean glass plate and (2) a large drop of water 


on a paraffined glass plate. 


(6 Peiermegr er ss wen coe 


P EXPERIMENT 17 


peat OF VISCOSITY OF A LIQUID 
BY POISEULLE’S FLOW 


Aim :-To determine the coefficient of viscosity of a liquid by 
Poiseulle’s flow, using a capillary tube... 
~ Apparatus required :—An ‘coil burette, capillary tubes, 
liquid, Hare’s apparatus, stop-clock or stop-watch. 


< - 

> a ~ us 
4 — ~ Ls a * 
a en eee ee ee 


COEFFICIENT OF VISCOSITY OF A LIQUID BY POISEULLE’S FLOW 61 


eo 


_ (A) Using an Aspirator 


Setting up a aitable pressure head® is an important part 
of the experiment. An aspirator of 2 or 3 litres capacity 
can be ysed. The outlet at . 
the bottom is closed by an 
one-holed rubber stopper. 
Through this hole a short 
glass tube is inserted and a 
short length of rubber 
tubing attached to it. The 
capillary tube C is intro- 
duced into the rubber tubing 
and kept in a_ horizontal 





position. A pinch-cock , is SSS EST : 
fitted: to thesrubber tube | : 
and is used for allowing the ane 
flow whenever required. Fig. 34 


| Close the rubber tube with the pinch-cock. Pour the liquid 
into the aspirator to about # ofits volume. As the volume of 
water flowing through the capillary tube is usually small, the diffe- 
rence between the initial and final levels in the aspirator will not be 
much. The average level can be noted and used. A long strip 
of cm. graph paper pasted vertically on the side of the aspirator 
will serve to note the levels of the liquid. 


{A constant pressure-head can, however, be set up as 
follows. Close the mouth of the aspirator with a tight fitting one- 
holed rubber stopper. Insert a long glass tube G with a narrow 
bore into it and push it down so that its lower end is a few cms. 
below the level of the liquid. The lower end of the tube is Bent at 
right angles to the tube. The mouth of the tube inside the liquid ~ 
is at atmospheric pressure and till the liquid reaches that level, the 
pressure-head will be constant.] 


*° (B) Using a Burette 

A simple arrangement, when the quantity of liquid available 
is limited, is to use a burette without a stop-cock. The burette is 
mounted vertically. A shért length of rubber tubing is connected 
to the bottom of the burette. A capillary tube is inserted into 
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the rubber tube and kept in a horizontal position. A pinch-cock 
fitted to the rubber tfibe is used for stopping or for allowing the 
flow of liquid.. The rubber tube is closed and the liquid is poured 
into the burette. A constant pressure-head is out of the question 
in this case. Since the burette has a small cross-section, there 
will be an appreciable difference in level as the liquid flows. But, 
with a graduated burette, the volume of liquid flown out can be 
read off directly from the burette. 


Precedure :—At the outset, determine the radius of the dry 
capillary tube. Along mercury thiead, covering the major portion 
of the capillary tube, is drawn into it. Measure its lerigth. 
Collect the mercury on a weighed watch glass and determine its 
weight accurately. From the Jength and weight of the mercury 
thread, calculate the radius. As the fourth power of the radius 
occurs in the formula, it has to be determined very, 2ecurately. 


Clean the capillary tube so as to be free from grease and dirt. 
Wash it first with caustic soda solution, then with water and with 
nitric acid or chromic acid, and finally vith tap water. Insert it 
into the rubber tubing. Open the pinch-cock completely so that 
there is no restriction to the passage of the liquid through the rubber 
tube. The liquid flows through the capillary tube and emerges 
from it drop by drop. 

It is very important for the success of the experiment that the 
flow of the liquid in the capillary tube should be slow and stream- 
lined. This is secured, if the flow of drops from the tube is 
slow and regular. A short length of thread tied at the free end 
of the tube and hanging from it, prevents the liquid from running 
along the tube and facilitates the regular formation and collection 
of drops. Or smear a little vaseline at the end of the tube. 


Weigh a small beaker. When the flow is uniform, place the 
weighed beaker below the end of the tube and start a stop-clock 
or stop-watch. Note, simultaneously, the level of the liquid in the 
burette or aspirator. [If the arrangement for constant pressure 
head is made in the aspirator, this reading will be unnecessary. ] 
Collect a fair quantity of the liquid, and note the time taken. 
Read the level of the liquid in the burette or aspirator. Weigh 
the beaker with the liquid and find the weight of liquid collected. 
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Repeat the experiment and take a, number of readings. 
Measure the vertical height h, of the mouth of the capillary tube 
from the surface of the table. Find out also the vertical height h, 
of the neean level of the liquid in the burette or aspirator from the 
surface of the table in each case. The difference in vertical height 
between the mean level of the liquid in the burette or aspirator 
and mouth of the capillary tube is the pressure-head. 


If the liquid used is other than water, find its specific gravity, 
using the Hare’s apparatus. Jake the mean of half a dozen 
readings. 

Note the temperature of the liquid with a thermometer. 


Calculations :—When a liquid flows through a capillary tube 
due to a constant pressure-head, the volume of liquid V flowing 
through it in ¢g interval of time t seconds is given by, 


V 3 Ht 2 


ae 


eae wi) 


The pressure-head p = (h, —h,). Expressed in absolute 
units, it is (hy — h,) Pg dynes where f is the density of the liquid. 
1 is the coefficient of viscosity of the liquid. If Q is the quantity 
of liquidin grams collected in t seconds, 

Q 
ie, 
ee A, = be) P eet 
shar 8/1 
Sat ae sme te (i, ) Pet 
ed 81Q 


Tabulate the results as follows :—« 








Liquid used is water. So, density is 1. Aspirator is used 
for the pressure-head. 


Radius of capillary tube :— 
Mean length of mercury thread ) 


measured with a vernier} = 4-092 oms. 
- microscope. J : 
Weight of mercury’ =. 0105. grams, 


ST ee / 0:105 s 
ecg) 3°1416 x 4-092 x 13°6 = 0:0245 tms, 
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Weight of water collected } — 61:86 grams 


in 25 minutes - 


Pressure-head = 28°7) (ome 
Length of capillary tube == 10 62cm 
The temperature of water = 28°6° C 


3°1416 x0°0245* x 28°7 x 980 « 25 x 60 
8 x 10°56 x 61°86 
= 0:00915 dynes per sq. cm. 
*. The coefficient of viscosity of = 0:00915 dynes 
water at 28°6° C : per sq. cm. 


Tabulate likewise the other readings taken. i 








ee ee 


EXPERIMENT: 18 
COMPARISON OF THE VISCOSITIES OF TWO LIQUIDS 


Aim :—To compare the coefficients of viscosity of two 
liquids. 

Apparatus required :—Ostwald’s bulb, burette, capillary tube 
two liquids, Hare’s apparatus, stop-clock or stop-watch. 


(1) Ostwald’s bulb 


Description :—The Ostwald’s bulb consists of a fine capillary 
tube bent into the form of a U with one arm longer than the 
other. At each end of the capillary tube, there 
is a spherical bulb. The bulb at the end of the 
longer arm has two fine file marks M,, M, above 
and below it. To its neck is connected a short 
length of rubber. tubing, provided with a screw-clip 
to close or open it. 


Procedure :—Cleaii_ the apparatus thoroughly, 
to be free from grease, dirt, etc., and dry it. 
Mount it vertically. Introduce one of the liquids 
into the bulb at the end of the shorter limb. With 
the help of the rubber tube suck it up into the 
other bulb, so that the liquid comes up to the 
level of the file mark M,, above the bulb. Close 
the rubber tube tightly. Keep ready a stop-clock 
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or stop-watch. Open the rubber tube and start the stop-clock 
simultaneously. The liquid level falls down and it is forced 
through the capillary into the bulb on the other side. When 
the level ‘falls to the lower file mark M,, stop the stop-clock and 
note the time. Suck up the liquid again and repeat the experi- 
ment. Note the mean time required for the liquid to fall from the 
upper mark to the lower. 

Empty the liquid, clean the. apparatus again and dry it. 
Mount it vertically. Introduce the other liquid into the apparatus 
and repeat the experiment. Note the mean time required for the 
liquid to fall from the higher level] to the lower level. 

| Using the Hare’s apparatus, determine their relative density. 
Take half a dozen readings and find their mean. 


Calculationg :—The volume of liquid flowing, the length and 
the radius of the capillary bore and the pressure-head are identical 
in the two cases. If t, and t, are the respective times of flow of 
the two liquids, P, and P, their densities and 7, and 9, their 
coefficients of viscosity, then, 
ie Me, r* a ppm 3 aa 


is —_—. 








fo 6iT,. gem 
palin Sea aa ae 
1, t, P. 


From this, the ratio of the coefficients of viscosity is calculated. 


Tabulate the readings taken of the intervals of time and of 
the relative density. 


ease (2) Burette 
_ Procedure :—Mount the clean, dry burette vertically 6n a 
burette stand. A burette without a stop-cock at the bottom must 
be used. Attach a short length of rubber tubing at the lower end 
of the burette. A pinch-cdck is attached to the rubbes tube. 
Introduce a clean, dry capillary tube into the rubber tube and 
mount ét horizontally. Pour one of the liquids into the burette. 
Open the pinch-cock completely and allow the liquid to flow 
through the capillary tube so that the formation of drops is slow 
and regular. This is secured by taking a long capillary tube of 
fine bore and having a low pressure-head. Kee a stop-clock or 
; ‘stop-watch height Start it when the level of the liquid reaches a 
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certain mark on the -burette. Allow the liquid to flow and whe! 
the volume of liquid flown as indicated by the burette is 10 0 
15 c.cs, stop the stop-clock and note the time. Fill the liquid upt 
the same level and repeat the experiment. Take four or fiv 
readings by changing the pressure-head each time. Remove th 
liquid from the burette. Clean the burette and the capillary tubs 
thoroughly and set them up again. Pour the other liquid into the 
burette and repeat the experiment keeping the initial and fina 
levels the same as for the first liquid. Take three or four readings 

With the Hare’s apparatus, find the mean relative density o: 
the liquids. Take half a dozen readings and find their average. 

Calculations :—Let the initial and final levels of the liquid: 
be the same in each case. So, the volume of liquid flown and the 
mean pressure-head remain the same. If t,, t, be the times of 
flow for the respective liquids, P,, P, their densities, and 1,, 7, 
their coefficients of viscosity, 


Calculate the ratio. 
I. Tabulate the readings as follows :— 














Time of flow 









| Initial Final |}—————_—_—____ 
| Reading ee Pe I Liquid II 
of ————______— 






burette burette 








BEE: can 


SE 


II. Hare’s Apparatus 







Height of column |Height of column bh ote 


No | | of liquid I of as II h 
2 











h, | 


BORDA PENDULUM “Ce 
»~EXPERIMENT 19 
BORDA PENDULUM 


Aim;—To determine the value of “g”, the acceleration 
due to gravity at the place, using the Borda pendulum. 


Apparatus required :—The Borda pendulum, stop-watch. 


Description :—The Borda pendulum consists of a heavy 
spherical bob of lead or iron, about10 cms. in diameter, suspended 
by a long steel wire, several metres in length. The 
upper end of the wire is passed through a screw chuck 
attached to the bottom of a circular ring of brass, which 
also carries a knife-edge. The knife-edge rests ona 
thick glass plate. The glass plate is mounted on the top 
of a rigid suppoxt fixed very near the ceiling. The lower 
end of the wire passes through another chuck which can 
be screwed into a hole in the spherical bob. 





Procedure :—Pass the upper end of the wire through 
the chuck in the brass ring and screw it tightly. Place 
the brass ring on the support, with the knife-edge 
resting on the glass plate. Pass the lower end of the 
wire through the chuck in the bob and screw the 
chuck into the hole in the bob. Tighten the chuck so 
that the wire is gripped firmly. The length of the 
wire is such that the bob hangs just a foot above the 
floor. Compare the stop-watch with a standard clock, 
if available, and find out if any correction is needed 


for its readings. Fig? 36 





Note the position of rest of the pendulum, by drawing a 
vertical line on the wall behind it. A mounted card board can also 
be used for the purpose. 


‘Stand in front of the pendulum and set it in vibration. The 
amplitude may be about 10 cms. The first few oscillations are 
ignored. ' When the pendulum is oscillating regularly, without 
_ wobbling, start the stop-watch when the pendylum wire passes 
_ across the ou ee line behind. When the wire passes again 
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across the line in the same direction, it completes one oscillation. 
Note the time taken for 100 to 150 oscillations. Repeat the 
experiment three or four times. 


© 


Place the top surface of a large wooden cube flush with the 
bottom of the bob and measure carefully the distance from 
the surface on which the knife-edge rests to the top surface of 
she cule; > bet this-be L, 


Using a vernier calipers; measure the diameter of the bob 
accurately. Take about six readings for the diameter and find the 
average. Calculate the radius r. 


@ 


Calculations :—The length / of the pendulum from the point 
of suspension to the centre of the bob (L — r). Let the average 
period of oscillation for the length be T. The pendulum is really 
a compound pendulum and the length of the equivalent simple 
pendulum is . 


PM ve 
or/ aM Sip eg 














] + 
1 JC wit gee 
r2 ’ 
4 x*] { | +5 ep 
g= T2 
Calculate g 
Tabulate the results as follows :— 
. = cms; r= eins: * eed i —r)- cms. 
Pre rea 2 Fee = Ne co | 
Number Length of the | Tie for 150. Period of 
2 pS oscillations | sees oe 





COMPOUND PENDULUM , 
* EXPERIMENT 220 
COMPOUND PENDULUM 


69 


Aim :—To determine the value of “ g”, the acceleration due 
to gravity at the place, using a compound pendulum and to | 
calculate “k’’ the radius of gyration of the pendulum about its 


céenire. 


Apparatus required:—Compound pendulum, a knife-edge 


rigidly mounted, stop-watch. 


Description :—The compound pendulum is a uniform brass or 


iron bar of rectangular cross-section, about a metre long, 2 cms. 


broad and about 0°5 cm. thick. A number of 
neat circular holes °(18 to 20 in number) about 
6 mm. in diameter are bored ail over it from one 
end to the other. The bar can be suspended 
from a knife-edge about any of these holes. The 
knife-edge is made of hard steel and has a sharp 
edge. It is fixed to a rigid support so that it is 
horizontal. 


Procedure :—The stop-watch is first compared 
with a standard clock to find out, if its readings 
require any correction. The bar is supported on 
the knife-edge from the top-most hole. To 
enable the bar to oscillate without wobbling, 
a brass tube about 2 cms. in length and which 
fits into the holes of the*bar is inserted into the 
hole and the bar then suspended from the knife 


9000 0OUV0000 
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edges The bar is set in vibration. Leaving out the first two or three 
oscillations, the time taken for about 50 to 100 oscillations is noted. 
Two readings are taken. Suspend the bar from each of the holes 
in turn and note the times. When the cegtre of ‘the bar is 
approached, the period increases considerably and? only a few 
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oscillations will be made. Turn the bar round and continue till 


the last hole at the other end is reached. Measure the distance 
from one end of the bar to the point of support in each case, 


allowing for the thickness of tube used, 


ice a ea | 
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Fig. 38 


Calculate the period of oscillation in each case. Plot a 
graph, representing the lengths measured from one end of the bar 
along the X axis and the corresponding periods of oscillation along 
the Y axis. The curve obtained will consist of two disconnected 
branches which will be exactly similar and symmetrical about the 
central line passing through the centre of gravity. Any horizontal 
line will cut the curve at four points A, B,C, D. Hence, for any 
particular period of oscillation, there will be four points of suspen- 
sion. The length between any two alternate points, AC or BD, 
will be the length of the equivalent simple pendulum, having the 


& 


same period. 
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Tabulate the readings as follows :— 







Distance 
0. | from one 


of 
hole end (1) 
cms. Secs. 
,. 7-9 150°2 
3 11:9 147-2 
4 15°8 146-0 
5 18-7 145-0 
6 21:7 146-0 
i. 338 147-2 
8 | 268 150-0 
9 30:8 157-0 
10 | 34-7 173-4 
11 56°5 133-2 
12-60 157-0 
13 64:4 * 1500 
14 67-4 147-0 
15 69°5 146-2 
16 72°5 145-2 
fat. 7555 146-0 
18 83-4 150°6 


(2) 







e 


Time for 100 oscillations | 





Mean 
SECS. 


150°1 
147°3 
146:0 
145-0 
146°0 
147°2 
150°0 
157:0 
173°4 
ry33 
ag 
150°0 
147°0 
1460 
145:1 
146°1 
150°7 





Period of 


oscilla- 
tion 


secs. 


1501 


— -1°473 


1:460 
1-450 
1°460 


1472 - 


1°500 
1°570 
1-734 
af Be 
Be 
1°500 
1°470 
1°460 
1°45] 
1-461 
1°507 





Draw the graph. Draw lines parallel to the X axis corres- 


ponding to definite periods of oscillations. From these lines, find 
the lengths of the equivalent simple pendulums having the 
particular periodt. If / is the lengthof the equivalent simple 
pendulum and T is its period, 


T=20 | dorg=* ame 





T2 
Larculate “°°. ei 


Tabulate the results :— 
Length of equi- 





: Period of oscillation 472] 
valent simple oa is pon Pe Nite 
pendulum “/” from TP” from graph ae 
graph in cms. sche cms./sec. ? 
54°4 1:48 980°5 
B52 1°49 981°6 
56'0 1:50 982°6 





‘ Mean {983-0 cms. per sec.? 


“. The mean value of “ g”’ the acceleration 983-0 oe 
due to gravity at the place. Si -cms./sec, 


Tz TEXT BOOK OF PRACTICAL’ PHYSICS 


Radius of gyration: a 
Draw the line about which the two branches are symmetrical. 
Draw the line parallel to the X axis which touches the two curves 
at their bottom. The distance on this line between the bottom 
most points of the two branches of the curve is equal to 2 k where 
k is the radius of gyration of the bar about its centre of gravity. 
In the graph drawn, 
! 2k = 53°0 cms.’ .. k = 26°5 cms, 
The period of oscillation corresponding to this is 1:45 seconds. 
The length 2 k represents the length of the equivalent simple 
pendulum of the same period. a 
Ree nas63 ee 992°2 cms./sec.? 
[The value of “ g”’ istoo high. With a compound bar pendulum, 
a high degree of accuracy is not possible]. 


EXPERIMENT 21 
-KATER’S PENDULUM 


22. 
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Aim :—To determine the value of “ g’’, the acceleration due 
to gravity at a place, with the Kater’s pendulum. 


Apparatus required :—Kater’s pendulum, Stop- 
watch, Reading Telescope, Standard Seconds Clock. 


Description of Apparatus :—A common form of 
the Kater’s pendulum consists of a cylindrical rod of 
steel or brass, about 120 cms. in length and 1 cm. in 
diameter. It tapers to a point at either end. Sliding 
over the rod are two cylinders of the same size, one 
of brass M and the other of wood W about 8 cms. in 
length and 3 cms. in diameter, and two smaller cylinders 
of equal size, one of brass m and the other of wood w 
They are fitted with side screws by which they could 
be clamped on the rod at any position. There are also 
two exactly similar knife-edges K,, K, which slide over 
the rod and can beclamped on the rod at any position by 
means of side screws. They are mounted facing each 
other. The Kater’s pendulum can be suspended so as 
to swing to and fro freely, by either knife-edge resting 
ona glass or’steel plate attached to a rigid support. 

The larger cylinders as well as the two smaller ones are 





4 
= 
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clamped on the rod on either side of the centre symmetrically. 
The wooden cylinders are provided to casas for air 
resistance. 


Procedure :—If the two knife-edges occupy such positions, 
on either side of the centre of gravity and at unequal distances 
from it, that the periods of oscillation about them are exactly 
equal, then the distance between them is equal to the length of 
the equivalent simple pendulum. Jf the period and the length 
are known, ‘‘ g’’, the acceleration due to gravity, can be calculated. 
It is very tedious to adjust the periods to be exactly equal. So, 
two positions of the knife-edges are found for which, the periods 
of oscillation are almost equal, and by applying a small correc- 
tion, “ g” is calculated. 


First adjust the positions of the larger cylinders so that they 
are near either end ofthe rod and equidistant from the centre. 
Adjust the smaller cylinders so that they are near the centre on 
either side of it and equidistant from it. Move the knife-edges so 
that they are on either side of the centre of gravity of the rod and 
at unequal distances from it. 


The period of oscillation of the pendulum can be determined 
using a stop-watch. Allow the pendulum to oscillate about one 
of the knife-edges and note the time for 50 oscillations. Calculate 
the period. Suspend it about the other knife-edge and find the 
period as before. If the difference in period is appreciable, alter 
the positions of the knife-edges or of the two smaller cylinders. 
Again find the period. Proceed thus, till the periods of oscillation 
about the two knife-edges are almest equal. : 


Now, find the periods accurately by noting the time for 
100 oscillations, two or three times and taking the average. The 
average time taken dividéd by 100 gives the period” fairly 
accurately. 


Method of coincidences :—A more accurate method of 
measuring the period of oscillation, is possible, if a standard 
seconds clock is available. The Kater’s pendulam is mounted in 
front of the pendulum of thé clock. A telescope is set up at a 


‘ distance from the two, on a level with their lower ends atld focussed 


10 
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them. The vertical cress-wire is adjusted to éoincide with their 
equilibrium position. The Kater’s pendulum is set in vibration. 
Loeking through the telescope, note when the two pass the 
equilibrium position together. If they are watched further, they 
will be seen to fall out of step, after this coincidence, either one 
or the other gaining unless their periods are exactly equal. After 
Some time they will again coincide and pass the equilibrium 
position together. The interval.between two coincidences will be 
large, if the difference between the periods is small and vice versa 
Observe the tapering end of the Kater’s pendulum to note the 
coincidences accurately. | 


Between two coincidences in the same direction, one of 
them gains one complete oscillation over the other. Let the 
interval between two coincidences be T and the ,period of the 
- clock 2 seconds. Then, the number of oscillations n made by the 
clock is given by 


mn = T or n= 


If the pendulum gains over the clock, during this interval, between 
two coincidences it makes one more oscillation than the other. If 
its period is t, then 
AX oi 

From this t can be calculated. If the Kater’s pendulum lags 
behind the clock, then, 

| 2T 
: (i 1) V = Torts 
Thus; knowing T, the time interval between two coincidences, the 
period of the Kater’s pendulam can be calculated. 


© J, Method of interpollation for calculating “¢” 


Find the periods of oscillation t, and t,, about each of the 
knife-edges by one of the methods mentioned above. Measure 
the distance (/,) between the knife-edges accurately, using a beam 
compass. Move the knife-edge near the iighter cylinder by 3 or 
4cms. Again, find the periods of escillation t; and t, about 
each of the knife-edges as before. Measure carefully with a beam 
compass the distance (/,) between the knife-edges. t, and t, are 
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the periods about “knife-edge I and t, and t,, the periods about 
knife-edge II. Plot a graph representing the distances between 


| C3 
C} es t— oe = 


eer =| (es E 
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DISTANCE BETWEEN .KEN:'FE ELGES 


the knife-edges along the X axis and the periods of oscillation 
along the Y axis. Join the points (t,, /,), (t;,/,) by a straight 
line. Similarly join the points (t,, /,), (t,, /,) by a straight line. 
Note the period t and the distance / corresponding to the point of 
intersection of the two lines. The distance / represents the length 
of the equivalent simple pendulam of period t. Calculate « ee 
4x7] 7 
t? 





using the formula g = 


Tabulate the readings as follows :— 

















(1) Distance between knife-edges = 93-3 cms. : 
SE OS ETS ae Sw Ce EE ES RSE ET a 
Knife- edge I Knife edge II 

O22 SS, a ra eee 
| yER © + 
a — ; — oO - 
ty § Vig oe, 0 O.. 3 ° ole 1 So lo Be tots © a ° 
CSS ESE) 28) SOR Fak SS lEsslo65| Eos Saf 
208 (F. & aoe Pe Oo ei Ss) Pe me 
eS ee 7 EE! REE ee | 
boa 2s 4 23-50" 22°27" 1 |41°4" 4 | 42/43" | 1°39" 
Pee os 5) 81717" 12222") 2 341'35"| 5 | 4375" | page 
3 16614", 6 | 88°38%|22'24" 3 142'10"| 6 | 43'47" | 4°37" 
[Kater'gains] Mean 22/24" [ Kater! gains | . Mean 139" 
: | ; 
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; e 
_ The intervals between two consecutive coincidences are 7’ 28” 
and 33'’ respectively 


2 
1 ae 1:991 seconds. 


3 Mt 
andt, = a = 1°882 scconds. 


(2) Distance between knife-edges = 96°7 cms. 























Knife edge II Knife-edge I 
o. 
- & 
O-n 
Z§ 
i | 23° 30"| 4 | 30° 4717" 17" | det 66’ 8123’ 23” 
2 Dy eat ) Be ie OAS 9 Lila fs Z '50’ so Sd 118 ST ae 
3.428" 24" 6 357-377 213" 3 8" 20" 6. 181’ 4023! 20” 
[Kater] gains] Mean 1|7’ 15” oes gains] Mean 23' 22" 









The intervals between two consecutive coincidences are 2’ 25” 
and 7’ 47” respectivcly. 


pes ae aes = 1:973 seconds. 
andt, = a ah 1:992 seconds. 


From the graph, the length / of the equivalent simple 
pendulum is found to be 97:5 cms. and the period is found to be 


1:992.seconds. 


An? 4x 3:14162x97°5__ 
= es = 2 agar = 970 cms./sec.? 


. II. Bessel’s method for calculating “ g ” 

Another method of calculating ‘“g” is by applying Bessel’s 
correction. Lett, and t, be the periods of oscillation about the 
two knife-edges. They must be almost equal. Let /, and /, be 
the distances of the respective knife-edges from the centre of 
gravity. Then . ‘ 


Re gee ee aad 1, me Oe VR 
1, g l, g 


“oe 
’ 
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Where k is the radius of gyration of the pendulum about a 
horizontal axis through the centre of gravity. Squaring and 
crosswnultiplying, we get ; 


1, gt? = 4a? (k?+/,?) 
f, gta? = 4? (k?+/,°) 
poet te Jf tat) mm 4x? C,? — I,7) 
be teats ttt, hn ye 
a a ios? acs) 20S ia 
From this ‘“‘ g ’’ can be calculated 
Hence, having found t, andt,, measure/, and /, by balancing 


the Kater’s pendulum ,on a knife-edge support hea finding the 
centre of gravity. 


Tabulate the readings as follows :— 


Distance between the knife-edges = 96°6 cms. 






































Knife-edge J | Knife-edge II 
! ee a cae 
_ 2 on ao yee 4 S eet | = emg o S os) oS owe | S =) = 
Be) of [ossl ed a8 5.25 p28) Be ae 
9 Es SES | As |Son| €8 By SS mS 
"3 Ge eee 5 A IZ 3) AS oes Rs) A 
| | | | 
bi 47/10" | .5 |65’ 48” 18’ 3g" 1 | 20° 0” | 5 | sor 10 30’ 10” 
2 at AT” Caio 2s 18.36") = 2. | 277-30" § | 57’ 407,30’ 10’ 
3. |. 56° 30° q~ 175’ °97118' 39" 3 |.35" 5” 7 | 65’ 20%|307 15” 
a 61" 12" 8 179’ 49" 18°37"| 4 | 42’ 40’ 8 vt, 7235430" 15* 
Se Mean|18’ 38” [Kater zens) | _.Mean|30’ 124” 
e e e e 
The average interval of time between two | 
coincidences when supported on knife- } — 4’ 40’ 
edge I 


Nak, 36 : 
t, = Tit = 1:986 seconds 


” The average interval of time between two 
coincidences when supported on knife-+ = 7’ 33” 
edge II J 


3 2 x*°453 or ; 
ata = “age = 1°991 seconds. 


De he, cms. ; /, mo ge") CMS. 
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4m? 1986? + 1:9912 | 1:9864 — 1:9912 





“gE. 2030 fay 24 = eee 
= 0°0409 — 0:00019 — 0:0407 


ao 
~~ 0:0407 


So, the acceleration due to gravity at the place is 973 cms./sec.# 


ee == 9/5 €MS./Sec.* 


AS ee 


EXPERIMENT 22 
BIFILAR PENDULUM 


| Aim :—To determine the Moment of Inertia of a body, using 
the Bifilar Pendulum. ; | 

Apparatus required :—Metallic disc or wooden block of 
rectangular cross-section. 

Description of Apparatus :—The metallic disc or wooden block 
used is a rectangular parallelopiped of sides, say, a, b and c. 
| Three of the faces bounded by sides 
ab, bc and ca are provided with two 
screws or hooks at their centre, 
symmetrically situated. The disc 
could be suspended from a rigid 
support by two strings fixed to 
these screws or hooks. The disc 
thus suspended forms a_ Bifilar 
Pendulum. 


Procedure:—Suspend the disc by 
two long strings of equal length 
- Fig. 41 attached to the screws or hooks 

: fixed in dne of the faces from a 

rigid horizontal support. The screws or hooks are symme- 
trically situated on the face. So the disc will take up a 
position of equilibrium with the strings in a vertical plane. The 
centre of gravity of the face will be midway between the strings. 
The strings may be adjusted to be parallel. But this is not 
essential. Gently twist the disc about a vertical axis passing through 
the centre of gravity and let go. The disc will execute oscillations. 





™o 
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Note the time for 15 to 20 oscillations ard calculate the period of 
one oscillation. Repeat half a dozen times. Then suspend the 
disc by another face in a similar manner. See that the strings 
are of equal length and in the same vertical plane. As before, 
find the mean period of angular oscillation about the vertical axis 
passing through the centre of gravity of the disc. Repeat the 
experiment, suspending the disc by the third face. Measure the 
length of the strings supporting. the disc. Alter the length of the 
strings and repeat the experiment three or four times. Remove 
the disc and find its weight. 


Calculations :—The period of oscillation of a bifilar pendulum 
about a vertical axis passing through the centre of gravity 
situated between the strjngs, is given by, 


wee di 


where T is the period of osciJlation, 


I is the moment of Inertia about a vertical axis passing 
through the centre of gravity, 


/ is the length of the suspension strings 

M is the mass of the disc 

2d, is the distance between the points of suspension on 
the support 

2d, is the distance between the BGI on the fade of the 
diss to which the strings are attached. 


If2d, =2d, = 2d, then, 


on ge : 
Se ew J Mg d? a 
. _ Moment ite cella Of the d&c. 2 si . 
me _4n71I 7 
: Se Me ees t 
oy. Tit Med : 
coo r a? 1, 


x So, if :.. M, d and l are found out, I, the moment of Inertia of 
the disc about an axis perpendicular to the face ab and passing 


4 through its centre of gravity, can be calculated. 
ROJA MUTHI: AY 
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1 T,’Megd? 
2 Aa] 
and I, = se 


Tabulate the results as follows :— 
Length of the string =< 
Distance 2d between points of suspension — 
Mass M of the disc == 


Similarly, I, and I, can be calculated from the formulae, 


cms. 
cms. 
germs. 


Period of oscillation 





Face ab horizontaliFace Be hioteaetal Face ca horizontal 

















Teal Tim z Period Tine ee THe aes 
No. for ae for eat for Pe 
15 oscil- langa | oscil- be n_ | 15 oscil- ee 4 i 
lations | “+ lations | “y | lations “>. 
2 ee Sens ak Se a 
a, | | | 
] 
3 
Se ae eae actenennenaseeaate Sameera Sees 
Mean | Mean Mean 
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Galonlate-t.;:1, oon he vee the data. 
Verify by calculating I,, I, and I, from the dimensions of 
the block. [for a rectangular block of length / and breadth b, 
the moment of inertia about an axis perpendicular to that face is 
M J ce 
ie eee 


% 


ee 


EXPERIMENT 23 
YOUNG’S MODULUS BY STRETCHING 


(A) Searle’s apparatus with micrometer screw 
and spirit level 
Aim :—To determine the Young’s Modulus of the material of 
a wire by stretching, using Searle’s apparatus. 
Apparatus required «Searle's apres, metre scale, Screw 
Gauge, slotted weights. 
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Description :—The apparatus consists*of two simil r wires of 
the same material and of equal length, about 4 metres each, 
fastened firmly to the same rigid support — : 
fixed to*the ceiling. One of them is the Bs, 
experimental wire while the other is a 
reference wire. The object of having 
two wires is to avoid errors due to the 
changes of length produced by changes 
of temperature or the yielding of the 
support. At the lower end of each wire, 
aréctangular frame is attached. The 
two frames are connected together by 
cross links which do not prevent their 
free, relative motion in a vertical direc- 
tion but which, prevent them from flying 
apart horizontally. “A sensitive spirit 
level Lis mounted across the frames, 
one end of which is pivoted to a rigid 
cross rod in the frame attached to the 
reference wire. The other end rests on 
the tip of a micrometer screw M, fixed 
in the other frame, the axis of the 
screw being vertical and coinciding with 
the axis of the experimental wire suppor- 
ting the frame. A fixed stretching weight is hung from the frame 
attached to the reference wire. A scale pan or a weight hanger with 
an initial dead load is hung from the other frame. The weights 
should be such that both the wires remain stretched. Initially, the 
bubble in the spirit level is brougkt to the centre by working the 

- micrometer screw. In this position, the spirit-leve! is horizontal. 


Procedure :—The graduated head of the micrometer screw 
moves parallel to a vertical itch scale S. To begin with, fimd the 
value of each of the pitch scale divisions. Then, determine the 
pitch and the least count of the micrometer screw. Take the 
reading when the bubble is at the centre. It is equal to the pitch 
scale reading + the coinciding head scale reading, multiplied by the 
least count. Add equal weights to the hanger, one by one. When 
a weight is added, the wire i$ stretched. The frame attached to it 
moves down and the horizontal position of the spirst level is 
disturbed. Work up the micrometer screw till the bubble again 
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comes to the centre. “It is obvious that the distance through 
which the micrometer screw is moved is equal to the extension of 
the wire. Perform a preliminary set of experiments, by adding 
equal weights, one by one, and removing them. This is to train the 
wire to elongate and contract. After a few trials, remove all the 
weights added, other than the dead weight. Bring back the 
bubble to the centre and take once again the initial reading of the 
micrometer screw. Add equal weights, one by one at a time, till 
the maximum safe load (which depends on the material of the 
wire and its cross section) is reached. Take the reading at each 
step, by working the micrometer screw and bringing the bubble to 
the centre. About 8 to 10 readings must be taken. Remove the 
weights, one by one, and take the corresponding readings of the 
micrometer screw. 

Then, measure the diameter of the wire, using.a screw gauge. 
Determine the pitch, least count and zero reading of the screw 
gauge. As the wire is long, measure the diameters at about a 
dozen different places over its length. At each place, note the 
diameters in two mutually perpendicular directions. The average 
of all the readings is the mean diameter of the wire. 

Using along, straight wooden rod, measure the length of 
the wire from the point where it is cripped at the top, to the 
point where it is gripped in the frame at the bottom. 

Tabulate the readings as follows :— 


iF Elongations -—Dead load = 5 kilograms; Pitch of the 
Scale =i? : mm. ; Least count — == 0° Ol mm. 








rae eadiin® ar icra’ screw Bicdaieen 
Stretching Load /—-—_—_-,__, —__; 'for 5 kilo- 
ee te Load Load Average. | erams 
; increasing | decreasing ae aii 
pny | nie. 
6 3°460 3°470  3°465 
©] 3°600 3°640 3°605 
8 3°32 3°750 3°743 
? 3°875 3°880 3°878 
10 4-010 4-020 4015 , 
11 4°165 4-170 4168 | 0°703 
12 4°300 4-310 4305 -| 0°700 
13 4:445 4-460 4°453 | 0-710 
14 4°580 4°590 4585 | 0:707 
He 4:715 4°715 4715 | 0°700 
aie Average | 0°704 mms 





‘ Average elongation for > kilo-grams = 0°704 mm, = 0:0704 cm. 





et: 
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If. Diameter ofthe wire : 
Pitch of the screw gauge 1 mm. 
Least count of the screw gauge = 0-01 mm. 


| 


























Aero reading = + 0185 mm. 
Zero correction a ae OGD. Oi. 

ts Es ie _ Diameter SE Bea eee Corrected 

Trial {Tn one direction lin a a Fe ieciionl Mean. poe 

mm. raat. ° | mm. 
aa ite ee 

| 1°380 1°380 1°380 195 
2 | 1-370 1-360 1365 1-180 
3 | 1°360 1°360 1°360 1:175 
ar 1-360 1-360 1-360 1°175 
a | i355 ele) 135) 1:170 
a: | 355 1°355 1355 1:170 
fe T1360 «17355 | 1358 me oe 
a8 1-355 1-355 1:355 E170 
9 1°360 % 1°355 | 1°358 ‘ag 
i, 1:360 1:360 1-360 F175 
il 1°355 1 360 1°358 E:F73 
Ps 1°350 1.360 | 355 coe 1:170 

Average ne | HS mm Pt73 mm, 

The average diameter of the wire = 1M 175 mms, 
= Q°1175. cms. 
III. Length of the wire a=". 302°S cms. 
Now, Young’s Modulus q ee, 
Strain 


Stretching force per unit area 


ne Elongation per unit length 
en aa Mo I. 


eg As geet. 





5000 x 978 x 302°5 


+ 4 = 37416 x (0-0588) x 0-0704 ~ 19°38 x 101% dynes per 
sq. cm. 





«. The Young’s Modulus of the material of the wire is 
19:38 x 1011 dynes per sq. cm. 


Steel wire was used in the above experiment. Usually, copper 
wire is used, since greater elongations will be obtained for the 
same load, other conditions being equal. ° 
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- Graph :—Draw a graph, representing load along the X axis 
and the corresponding readings of the micrometer screw along 
the Y axis. It will be a straight line graph. It can be used for 
finding the value of an unknown load. 





Fig. 43 


(8) Searle’s apparatus using Optic Lever, 
Telescope and Scale 
Description of Apparatus :—The Searle’s apparatus used is a 
modified form of the apparatus used in the previous experiment. 


The spirit level, the micrometer screw and the vertical 
scale are removed. Each of the rectangular frames is provided 
with a cross-bar which is flat, both of them being at the same level. 
An optic lever is placed across the two frames with its hind legs 
on the cross-bar in the frame attached to the reference wire. 
The front leg rests on the cross-Bar in the frame attached to the 
experimental wire. 


Procedure :—Set up a telescope and scale in front of the optic 
lever, at a distance of about a metre from it. Turn the telescope 
so that its axis is horizontal and passes through the centre 
of the mirror in the optic lever. Keep the scale vertical. Add a 
dead load to the weight hanger suspended from the frame to 
which the experimental wire is attached. Adjust the eye-piece so 
that the cross-wires are distinctly seen. ‘Focus the telescope on the 
image of the scale seen in the mirror. Tilt it slightly so that the 
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horizontal cross-wire coincides with a definite division on the 
scale. 


A preliminary loading and unloading of weights on the weight 
hanger i$ gone through to train the wire to elongate and contract. 


Start again from the beginning wih the dead load alone. 
Note the reading on the scale coinciding with the horizontal 
cross-wire. Gently place a weight on the hanger. The wire. 
elongates and the frame attached to it moves down. So, the 
front Jeg of the optic lever moves down. Hence, the mirror tilts 
and the scale reading changes. Note the scale reading. Add 
equal weights, one by one, till the maximum safe load is reached. 
Take the scale reading at each step. Remove the weights, one by 
one, and take the corresponding readings. Take about 8 to 10 
readings. : : 

Find the length of the wire as accurately as possible. 
Measure the diameter of the wire at a dozen places on it, at each 
place in two directions perpendicular to each other, with a screw 
gauge and find the mean diameter. Measure the distance D of the 
mirror from the scale. Measure the distance d between the front 
leg of the optic lever and the plane containing the rear legs. 


Tabulate the readings as follows :— 


Distance of scale from mirror =D cms. 


A OAL LENS Hi 








| Distance ; 
ae Reading on Scale Spee poe Elongation / 
eg | ~| front and } ° ase as i 
: ; ar | rams wt. 
M While |Whileun-| Mean [°S) “S88 0!) nirror 6, -S,)d 





loading | loading S ee ‘ ve 





If S, is the scale reading corresponding to M, grams i oand S, 
corresponding to M, grams wt., the elongation / for (M,—M,) 
grams weight or Mg dynes is given by : 
7. GS. — 8) xd 
* 2D 
For this purpose, divide the readings into two groups. Suppose 
ten readings are taken. Then, M, and M, represent the first and 
sixth weights, S, and S, fepresent the corresponding readings 
on the scale and so on. Find the mean elongation / froth the table. 
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Calculate as follows: | | 
Mgl_Megl 24 


ntl, ee ee 
where L is the length of the wire, Mg the load, and r_ tke mean 
radius of the wire. 





EXPERIMENT 24 
YOUNG’S MODULUS BY BENDING—(CANTILEVER) 


Aim :—To determine the Young’s Modulus of Elasticity of a 
cantilever by bending, using a pin and microscope to measure the 
depressions of its loaded end. 


Apparatus required :—A long, uniform rectangular beam, 
Vernier Microscope, slotted weights, table clamps. | 


Procedure:—The long, 
uniform beam is placed 
on a table near one of 
its corners, parallel to 
and coinciding with the 
edge of the table. Adjust 
it so that about three- 

rie fifths of its length is 
projecting beyond the table. Clamp the portion over the table 
tightly at two places using table clamps. One of the clamps 
must be close to the edge of the table and the other a little 
away from it. The projecting part of the beam serves as a 

Pp, cantilever. Slide over the beam a weight carrier. 
(See Fig.). It also carries a pin index P at its 
\ top Adjust it so that it is near the free end 
XGA of the beam. Set wp the vernier microscope 

NY near the free end so that it is at the same 

Fig.43 height. Turn the microscope till: - 715 = pass 
+s horizontal and passes through the pin index. Adjust the 
eye-piece so that the cross-wires are clearly seen. Focus the 
microscope on the pin. Raise it or lower it till the tip of the 
pin is in the field of view coinciding with the point of intersection 


of the cros$-wires. 









KASS 
SG 


ZL 
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Find the least count of the vernier in tae vertical scale of the 
microscope and note the initial reading when the tip of the pin 
coincides with the point of intersection of the cross-wires. Suspend 
a weight hanger. Perform a preliminary experiment by adding 
and removing equal weights, one by one. This is to train the beam 
to bend and unbend. Allow the beamto come to rest. Adjust 
again the microscope so that the point of intersection of the cross- 
Wires coincides with the tip of the,pin. Note the reading on the 
vertical scale. Add equal weights, one by one, and take the 
corresponding readings by adjusting the position of the microscope 
so that the point of intersection of the cross-wires coincides with 
the tip of the pin. After the safe maximum load has been added 
and the reading taken, remove the weights, one by one, and take 
the readings. Take abottt 8 to 10 readings. Alter the length of 
the cantilever dnd repeat the experiment. Take readings for three 
or four different lengths of the cantilever. Measure carefully the 
length in each case, from the point where the load is applied to 
the point where it is clamped. 

Remove the cantilever and measure accurately its breadth and 
height using a vernier calipers or screw gauge. Readings must 
be taken at more than six places on the beam, spaced equally 
along the beam. Take particular care in the measurement of the 
height as its third power is involved in the formula. 


Calculations :—Assume that the mass of the beam is negligi- 
ble. If y is the depression produced at the end of the cantilever 
due to a load Mg, then | 

| Mg /3 
| aA Keg : 
where / is the length of the projecting portion of the cantilever and 
q, the Young’s modulus of jhe beam. If the beam is rectangular in 


y= 


2 
cross section, A = b x dand k? = oe » where b is the breadth 


and d the height of the beam. 


Mel? 4M gl 
eo, be | bd*q 
3 x 0) oan | 
__ 4Mgi/® 


.q= Gay” 
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c 


Tabulate the results as follows :— 
I. Depressions at the end of the cantilever. 
Least count of the Vernier Microscope = 0:001 cms. 









NEES re 
— Se 3 ATS TORE MS SS Pe 





























68 Reading Reading Qe 
ee Wi Load Wh 2 5 
BS | Load] \ nen ‘ | en eo 
58 pe u-nload- |Mean one g un-load- |Mean Eke 
- ee a ing oe ing Q-= 
= grams3.| cms. cms. | cms. | grms. cms. | cms. | cms. _ 
| | i 
64| 200 | 6°229 | 6206 (6218; 500; 4:167 | 4:152 | 4-:160| 2-058] 
300 | 5:543 | 5°518 |5:531; 600 | 3°495 | 3°480 | 3°488| 2:943] 
400; 4°854 | 4-837 ee 700 | 2°802 | 2°802 | 2-802) 2-044 
| 
ant ees 7 
Mean| 2:048 
57 | 200 | 6°487 | 6°476 | 6°482| 500 | 5:005 | 4:954 | 5-000} 1-482 
300 1- 57993 | 5°984 |5°989| 600 | 4522) 43512437 
400 | 5°502 | 


5°493 | 5:498; 760 | 4:030 | 4:030 | 4:030| 1-468 
| : 





Mean 1°474 





II. Screw gauge readings—Height of beam 


Least count = 0-001 mm ; 
Zero reading = —0'06 mm 
Zero correction = -+0°06 mm 


Mean height of beam (average of six) = 3°23 mm. 
readings) f = 0:323cms. 
Til. Vernier calipers readings—Breadth of beam 7 























Least count = 0Olcm; No Zéeroeriae 
Mean breadth of beam (average of six ras 
2 i readings) [ — 2°51 cms. 
IV. < M Acute 
Length of canti- ean depression — , 
lever for 300 grams [3 
ee Vs 
ems. cms. | eee 


64 





; 
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_ 4x 300 x 980 x 
ss A2i5l. x ((0°323)? xy 


= 17°63 x 1041 dynes/em?. ~ 


‘ The Young’s modulus of the material of the beam (iron) is 
17°63 x 1011 dynes/sq. cm. 


EXPERIMENT 25 
YOUNG’S MODULUS BY BENDING—NON-UNIFORM) 
(A) Pin and Microscope Method 


Aim :—To determing the Young’s Modulus of Elasticity of 
a beam by nonuniform bending, using a pin and microscope for 
measuring the depressions when a load is applied at the centre. 


Apparatus required :—A long, uniform rectangular beam, two 
tall knife-edge supports, Vernier Microscope, slotted weights. 


Description of Apparatus and Procedure :—The long, uniform 
beam is placed hecrizontally, resting on the two knife-edge 
supports S,,5S,. The beam 
is adjusted so that equal 
lengths of it project beyond 
the supports. (This, how- 
ever, is not quite important). 
A thin, rectangular plate of 
iron or brass, (Fig 45) with 
a central slot cut in it is Fig. 46 
slipped over the beam and 
adjusted to rest on it, migway between the knife- -edgeg, The 
plate has a pin firmly attached vertically, at the centre of the top 
edge of the plate. This pin serves as an index to facilitate 
measurements. The plate has a circular hole near the lower edge. 
A hook is hung from this hole and a slotted weight hanger is 
suspended from the hook. A preliminary experiment is done by 
adding equal weights, one by one, and then remoying them likevase 
to train the beam to bend and unbend, . 

Be 


G-~— ~ £2 4 Ez 





i , : 
‘ PN ae a. PN 
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Place a vernier mjcroscope in front of the beam. Turn the 
microscope till its axis is horizontal. Adjust its height so that its 
axis passed through the tip of the index pin. 


Determine the least count of the vernier attached to the 
microscope. Adjust the plate so that it rests on the bar exactly 
midway between the knife-edges. The microscope is focussed on 
the tip of the pin fixed to the plate. Adjust its position so that 
the tip of the pin coincides with the point of intersection of the 
cross-wires. Take the initial reading on the vertical scale. It is 
equal to the main scale reading + the coinciding division on the 
vernier scale multiplied by the least count. Add equal weights 
to the hanger, one by one, gently. When a central load is applied 
to the beam, it bends. The maximum depression is produced at 
the centre. As the outline of the beam does” not have the 
shape of the arc of a circle, the bending 1s Saiteto 
non-uniform. After each weight is added, adjust the microscope 
so that the tip of the pin coincides with the point of intersection of 
the cross-wires. Take the reading as before. After the maximum 
safe load has been added and the corresponding reading taken 
remove the weights, one by one. As each weight is removed 
adjust the microscope for coincidence between the tip of the pin 
and the point of intersection of the cross-wires and take the 
reading. Take about 8 to 10 readings. | 


Alter the length between the supports. Adjust the index 
plate again to lie exactly midway between the knife-edges and 
repeat the experiment. Take readings for about three or four 
different lengths. 


Remove the beam. Measure its breadth and height accurately 
at half a dozen places on it, spaced equally along the beam using 
a vernier calipers or screw gauge. As the third power of the 
height is involved in the formula, it must be measured very 
accurately. 

Tabulate the read‘ngs as follows :— 

The beam used is a metre scale. 


ie 
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I. Depressions produced when a central Joad is applied—Metre 
scale—Least count of the vernier microscope = 0°01 cms. 














& eek 


: 


Rea ding aa 
Difference 
s in 

< reading 

















between 

supports 
loading 

loading 


‘When 
un- 





‘Length 
| Mean 
When 


\When 


| 
| 








Nn 
ek? 


9-700} 9°690) 9-695| .200 9-460) 9°-460| 0°235 
9-650} 9°630; 9°640} 250 9°400) 9°400; 0°240 
100 9 580) 9- 570 73751: 300 9°340) 9°340) 0°235 
POO. |. 95530 | 9°520)° 9 525} 350| 9 380 9°280) 9°280; 0-245 








| 


| 
| | oan 0-239 





ee ee 





—— 


gms. | cms. "mse | cms. gms. | cms. | cms. | cms. | cms. 
17690) 9620) 9°625! 200 | 9-190 9°200 9°195, 0:430 


50 sai 9-520, 9°520} 250 | 9-080; 9:100; 9-090, 0°430 


ay 





100 
150 





9°410| 9°410, 9-410; 300 | 9°990} 8-990) 9°990, 0°420 
9°300) 9-300) 9-300 soy | 8890} 8°890; 8°890} 0°410 





fi cms. “as cms.| cms. | Cms. ae cms. | Cms. | cms. cms. 


| | | Mean 0°423 











If. Breadth of the scale— 
Least count of vernier calipers am Grr Cit, 


The average breadth of the scale measured | 


with a vernier calipers (mean of six$= 2°56 cms. ~ 
readings) 


Ii. Height of the scaie— 


Least count of screw gauge = 0:001 cm. 
The average height of thee scale measured : 
with a screw gauge (mean of six read- } = 0°450 cms. 
ings) J 
Calculations :— : . 


When a uniform beam of rectangular cross-section is support- 
ed fiorizontally on two knife-edges, and a load applied at the 


mid-point between the supports, the depression at the centre is = 
given by 
ae. RRS \ . 
= ab dig. bola os 
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| 


y depression at the centre, 
M = _ load at the centre, 
. length between the knife-edges, 
breadth of beam, 
height of beam, 
== Young’s modulus of elasticity, 
= acceleration due to gravity at the place. 
ma Mg 7/3 
oi, Tl Rap oae 


For a given beam, q, b, d, are constant, g is constant. So, for 


| 


! 


se 2 aco =, 
| 


[3 
the same load M, a must be constant. 











es stegaay | Average depression; 
Length between | at centre for load [3 
Supports of 200 gms. an 
(/) (y) ‘ 
; cms. Wa eee SS ee 
50 0:235 5°320 = 10" 
60 0°423 5°228 x 105 
: Mean 5°274 x 10° 
200 x 980 x 5:274 x 10° 
4x 2°56 x (0°45)3 


== 1-11 x10*! dynes per sq. cm. 
The Young’s modulus of elasticity of the material of the 
beam is 1°11 x 10+ dynes/cm.? 


Graph :—Other factors being the same, the depression pro- 
duced y is proportional to the load Mg. So, if a graph is drawn, 
plotting load along the X axis and depression along the Y axis, the 
graph obtained will be a straight line. The graph can be used for 
determining an unknown load. The depression produced 
by the unknown load is measured and from the graph, the corre- 
ponding load is found out. 


Cylindrical rod :—If a cylindrical rod is used, the procedure 
is the same as before. Only the formula to be used is different. 
Mg /8 
ue ay. 
where r is the radius of the rod. 
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(B) Single Optic Lever method 


Aim :—To determine the Young’s hgdaius of Elasticity of a 
rectangular beam, using a single optic lever, for measuring the 
depressions when a load is applied at the centre. : 

Apparatus required ;—A long, uniform rectangular beam, two 
tall knife-edge supports, single optic lever, telescore and scale, 
slotted weights, an auxiliary beam similar to the experimental 
beam. 


Procedure :—Place the experimental beam horizontally on the 

two eknife-edge supports, with equal lengths of it projecting 
beyond the knife-edges. Slip over the beam a loop of thick wire 
with a hook, to which a weight hanger can be attached. 
Adjust it so that it is midway between the knife-edges. Place the 
auxiliary beam on the knife-edges, close to the other beam but 
withou: touching it. Their top surfaces must be on the same 
level. Place the single optic lever on the beams, so that its front 
leg rests on the experimental beam, exactly midway between the 
knife-edges and the other two legs, on the other beam. Place the 
stand carrying the telescope and the scale at a distance of a 
metre in front of the mirror in the optic lever. Rotate the scale 
so as to be vertical. Adjust the telescope so that its axis passes 
through the centre of the mirror. Looking through the telescope, 
alter the position of the stand till the image of the scale produced 
by reflection in the mirror is visible in the telescope. Focus the 
telescope on the scale. Adjust so that the horizontal cross-wire is 
made to coincide with a definite division on the scale. Add gently 
equal weights, one by one, to the hanger. Performa preliminary 
experiment, adding equal weights, Sne by one, and removing them 
likewise. When a weight is added, the beam bends, the single leg is 
lowered and so the mirror gets tilted. The rmage of the scale in the 
telescope moves and the cross-wire coincides with a new division. 
Take the reading on the scale. When the maximum safe load has 
been ddded and the reading taken, remove the weights gently, one 
by one, and take the corresponding readings on the scale. Take 
about 8 to 10 readings. 


As in the previous exptriment, alter the length of the beam 
between the knife-edges, and keeping the loop carrying the weight 


fR 
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hanger and the optic lever midway between the knife-edges, repeat 
the experiment. | 


Remove the beam and measure its breadth and _ its height, 
accurately, using a vernier calipers or screw gauge, at half a dozen 
piaces on it, spaced equally along its length. The height has to be 


? measured particularly accurately, as the third power of the height 
occurs in the formula. 


The depression is calculated as follows: Let S be the shift 
in the scale division. If D is the distance between the mirror and 


the scale, Sis the angle between the reflected rays. So, = 


is the angle of tilt of the mirror. It is also equal to ~ where y is 


the depression produced and x, the distance between the front leg 
and the plane containing the two hind legs. 


So Tee 

See) 
Ee ee ees 
ae 


So, to calculate y, D the distance between the mirror and the scale 
and x the perpendicular distance between the front leg and the 
plane passing through the hind legs of the optic lever are measured. 


Tabulate the readings as follows :— | 
I. Depression produced when a central load is applied. 


x (distance between front and hind legs of optic lever) 
= § cms... D (distance of scale from mirror) = 70-2 cmee 
] (Length between knife edges) = 50 cms. 

















Reading on Scale : | Reading on Scale : 2 
Ete | 
Load | Load | can | | B 
While | While | While | While |, c= 
| adding | removing ewe | adding removing )°4" ee: 
a ree ee OE ae ectusiatind 
: cms. ems. | gms. | cms. cms. cms. |..cms. 
amo | 36°5 36:5 | 36°50) 400-| 41:4 41:5 | 41-45| 4-95 
: 100 | 37:6 37-8 | 37°70| 500 | 42-6 | 427 |42-65| 4:95 
200 | 38°8 39:0 | 38:90) 600 | 43:9 43-9 | 43-90] 5-00 
300 | 40-1 40-2 | 40-15] 700 .| 45-2 45:2 | 45-20| 5-05 
me 7 | Mean] 4:99 


J 
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To 2 
Average breadth of beam = 2°55 cms. ; Average height of beam 
= 0°509 qm. 


Average depression y for 400 gms. + es 0:284 





3 3 
‘. Young’s Modulus q= ee 400_x 980 x 90° 





eo  LO* dynes per sq. cm. 

‘ The Young’s modulus of elasticity of the material of 
fhe Dea (metre scale) — 1°28 x 101! dynes/cm?. 

Repeat the experiment for one or two more lengths between 
the knife-edges and tabulate the readings as above. 

Graph :—A load-depression graph is drawn, representing 
load on the X axis and reading of the scale on the Y axis. It will 
be a straight line. It car be used for determining an unknown 
load, as explained in the previous experiment. 


EXPERIMENT 26 
YOUNG’S MODULUS BY BENDING—(UNIFORM) 


(A) Pin and Microscope method 


Aim :—To determine the Young’s Modulus of Elasticity of a 
beam by uniform bending, using a pin and microscope for 
measuring the elevations at the centre, when equal loads are 
applied at the ends, symmetrically. 


Apparatus required:—A long, uniform, rectangular beam, two 
tall knife-edge supports, Vernier Microscope, slotted weights. 


Procedure :—Place the beam horizontally, on the two kitife- 
edge supports S,,S,. Adjust it so that equal lengths of it are pro- 
jecting beyond the knife-edges. 
Fix a pin vertically, exactly at 
the centre of the beam using 
some bees’ wax. Slip over the 
beam two loops of thick wire, 
one at each end ofit. The 
loops have hooks at their 
bottom from which weight 
hangers can be suspended: 


=a 





tom * 
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Keep them equidistant from the ends of the beam and from the 
knife-edges. Place a vernier microscope in front of the beam. 
Rotate the misroscope so that its axis is horizontal. Adjust its 
height so that its axis and the top of the pin are inthe same 
horizontal line. 


Determine the least count of the vertical vernier scale in the 
microscope. Focus the microscope on the top of the pin. Adjust 
its position till the top the pin coincides with the point of inter- 
section of the cross-wires. Take the initial reading of the vertical 
scale, by adding to the main scale reading, the coinciding vernier 
reading. Two equal weights are gently added, one at each end. 
The beam bends uniformly, assuming the shape of an arc of a 
circle. The centre is elevated. Perform a preliminary experiment, 
adding and removingiequal weights to the weight hangers, one by 
one, to train the beam to bend and unbend. Adjust the microscope 
again so that the top of the pin coincides with the point of inter- 
section of the cross-wires. Take the reading. Add two more 
equal weights, one at each end, ard take the reading. This is 
repeated till the maximum safe load is reached. Remove the 
weights one from each end at a time and take the corresponding 
readings. Take about 8 to 10 readings. Alter the length between 
the knife-edges and repeat the experiment observing the pre- 
cautions mentioned. Take sets of readings for about three or 
four different lengths. 


Remove the beam. Measure its breadth and _ height 
accurately at half a dozen places on it, spaced equally along the 
beam, using vernier calipers or a screw gauge. Particular care 
is taken in measuring the height accurately as its third power 
occurs in the formula. 


Calculations :—Let / be the length of the beam between the 
knife-cdge support, “‘a’’ distance froin the knife-edges to the point 
where the weights are hung, M the load, b breadth of beam, d 
height of beam. If y is the elevation at the centre, R the radius 
of the arc of the circle assumed by he beam, 


ee) y = ( 2] or 8 Ry = 72, neglecting y2, 





® 
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‘. The bending moment = — _¢ ae 


8q Ak2y 














cag 73 = Mg xa. 
_Mgal? _ = Mgal? 
8 y Ak? 8 y b dé 
1 ) My 
pei MG | 
= 2 b d8y ° Fig. 48 


Tabulate the readings as follows :— 
e The beam used is a box-wood metre scale. 




















- Distance between knife-edges (/) == OU CMSs 
Distance between knife-edge and point | _ 
20 cms. 
where load is applied (a: 
Mean breadth of beam = . 2°67 cms. 
Mean height of beam = 0°45 cm. 
Least count of vernier microscope == ./0CL cm, 
we Reading = Reading oO —~ 
ry ry ao 
a | =) ae 
se) while while |Mean| vw while while |Mean ie 2 
S | adding | removing | (y;,) | 8 adding | removing | (ve) | Q™ 
- 
cms. cms. grms. cms. cms. cms. | cms. 


igrams.| cms. | 
Boe) | «2621 «12-621 | 250 | 3-304 | 3-310 | 3:307; 0-686 | 
50 | 2-760 | 2-760 |2-760| 300| 3-442 | 3-444 | 3-443! 0-683 | 
2-000 |2:000| 3501 3-573 | 3575. 13-5741 0-674 | 





| 100 2°899 
150 | 3:°034 3°035 3°035| 400: 3:°704 SEO Se FOE) OOF. 
200 3°167 3°168 3°168 | 450 | 3°844 3°844 | 3°844! 0°676 





Mean | 0:674 | 





® 
eee eae 5 x 250 «980 x20. « 50° 
I" Dbd*y 2x 267 x 0453 x 0674 
= 112 x 10'% dynes/cm?. 

*. The Young’s Modulus of the beam is 1:12 x 101} dunosicm®. 
Alter the distance between the knife-edges and the points 
where the loads are applied. Take two more sets of readings and 
tabuiate similarly... Calculate q. 

Graph :—A ‘load-elevation graph is drawn, representing load 
along the X axis ne i along the Y axis. The graph is a 
straight line, Ait : 

13 2 | Ge 
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(B) Single Optic Lever method 


Aim :—To determine the Young’s Modulus of Elasticity of a 
beam by uniform bending, using a single optic lever for measuring 
the elevations at the centre, when equal loads are applied at the 
ends, symmetrically. 


Apparatus required :—A long, uniform, rectangular beam, an 
identical auxiliary beam. Two tall knife-edge supports, telescope 
and scale, a single optic lever, slotted weights. 


Procedure :—Place the two beams on the knife-edge supports 
side by side, but not touching each other. Place the single optic 
lever on the beam, with the single leg resting at the centre of the 
experimental beam and the two hind legs on the auxiliary beam. 
Pass two loops of thick wire over the experimental beam, one 
at each end of it. Weight hangers can be hung from these loops. 
Keep them equidistant from the ends of the beam and from the 
knife-edges. Add equal weights to the weight hangers, one by one, 
and remove them, to train the beam to bend and unbend. 


Place the stand with the telescope and scale in front of the 
mirror in the optic lever at a distance of about a metre from it. 
Adjust the scale to be vertical. Turn the telescope round and 
adjust its height so that its axis passes through the centre of the 


mirror. 


Focus the telescope on the image of the scale seen in the 
mirror. Make the horizontal cross-wire coincide with a definite 
division in the scale. 

Add gently two equal weights to the hangers at either end. 
The beam bends and the front leg of the optic lever is displaced 
upwards. Note the reading on the scale coinciding with the - 
horizontal cross-wire. Add equal weights, one by one, till the 
maximpm safe load is reached. Take the reading of the scale 
division coinciding with the horizontal cross-wire as each pair of 
weights is added. Remove the weights, one by one, and take the 
corresponding readings. Take about 8 to 10 readings. ~ 


Alter the length of the beam between the knife-edges and 
repeat the experiment. ‘ 


Remove the beam and measure its breadth and height, 
accurately, at half a dozen places on it, spaced equally along its 


¥y* : 
4 rh 
2 é 
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length, with a vernier calipers or a screwe gauge. Particular care 
is taken in measuring the height accurately. 


_ Measure the perpendicular distance between the front leg in 
the optic Jever and the line joining the hind legs by placing the 


optic Jever on a paper and pressing it, so that the legs leave 


impressions on it. Measure also the distance between the scale 


and the mirror. 


Calculations :—If a beam resting on two knife-edges is sub- 


jected to uniform bending, by applying equal loads at its ends, 
symmetrically, then, as explained in the previous experiment, 


3 Mg al? 
oe Sb dey. 
Where, Mg = _ Load at each end, 
ee Length between the knife-edges, 


a = distance between each knife-edge and the 
point where the load is applied, 


Bb. == — breadth of beam, 

d = height of beam and 

-y = elevation at the centre of the beam, when Mg 
is applied at the ends. 

x 
Now, See aay 6 i 
Where, ‘§ = displacement in the scale division. 

X = perpendicular distance between the front leg 
and the plane passing through the hind 
legs. : 

D = distance between mirror and Seale: << 


_Tabulate the readings as follows :— 


Distance between the knife-edges = 80 cms. 
, Distance between each knife-edge and the\ 
point where the load'is applied = 10 cms. 
Distance between the scale and the mirror 
of the optic lever =, 10 ems. 


_ Distance between the outer leg and the plane |. 
of the inner legs in the optic lever ae 8 cms, 
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Reading on Scale | Reading on Scale | ¢ 
Load Load | © op | Eleva- 
ome tae es ere ae tion 
ither bp either = 2 ee 
end | 28| 23 & fend} wel] 3s = é 5 =o 
ee = e © Sg} £9 2 1A 
- 3 5 SS eae S ; =. g 
grams. grams. Ciisea 
25:0 24°9 23-0 } 2060) |227°0 27° 24 Ore 2-0 0°106 
500°) 2525 25°4 2d. 25000. 2S pe oT 5 ee 0°106 
1000 | 26-0 26:0 26°0 | 3000 | 28:0 28°0 26°O" | 270 0:106 
1500 | 26°5 | 26:5 20°. 73500 28°35 + -23°5 20° 5) 2a 0:106 
Mean | 2:0 | 0°106 
Mean breadth of beam = 0°99 cms. | 


Mean height of beam = 0°94 cms. f{ 
3%. 2000" 950: 3< AO> 802 
~ 2x 099 x 0948 x 0106 
a 2390 104 dynes Sq.ccm. 
Oss The Young’s Modulus of Elasticity of the material (Steel) 
of the beam = 21°59 x 10'! dynes/cm?. 


Tabulate similarly for the other sets of readings taken. 








Graph :—Draw a load-elevation graph, representing the load 
at either end along the X axis and the elevation along the Y axis. 
It will be a straight line. Ree: 


EXPERIMENT 27 
RIGIDITY MODULUS BY STATIC TORSION 


Aim:—To determine the Rigidity Modulus of a cylindrical 
_ rod by Static Torsion. 

Apparatus required :—Searle’s Static Torsion apparatus, 
slotted weights. | - 


(A) Scale. and Pointer method 


Description of apparatus :—The apparatus consists of a rigid 
frame work with a vertical support at the rear, at the centre of 
which is fixed a chuck. One end of the experimental rod R about 
50 cms. in length is introduced into this chuck and firmly gripped. 
The other end of the rod is introduced into a similar chuck fitted 
to the centre of acircular wheel P, at the front of the apparatus. 
The wheel isabout 10 cms. in diameter and has a broad rim 
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about 1 cm. in breadth. It is supported on smooth ball bearings 
at its centre. One end of a strong, flat tape is attached to a fixed 





Fig. 49 


nail on the rim of the wheel. It is wound once over the rim and 
at the free end a hook is attached to it. From the hook, a weight- 
hanger is suspended. When a weight W is added to the hanger, its 
moment about the centre of the wheel rotates it. The end of the 
rod fixed to the centre of the wheel gets twisted. The grip at 
either end of the rod must be so firm that there is no slipping 
when a couple is applied. Two cross rods connecting the front 
and rear of the apparatus at its base serve also as carriers of two 
circular scalesS, and S,. Two vertical pointers are clamped on the 
experimental rod and their ends move over the scales. When the 
rod is twisted, the pointers move over the scales and the angles of 
twist can be read on the scale. 


‘ ° 

Procedure :—Clamp one of the scales and the pointer in front 
of it, very near the rear end of the rod. Clamp the other scale 
and pointer at a distance af about 30 to 40 cms. from the first. 
Adjust the pointers so that they are opposite to the zeros 
marked at the respective centres of the scales. Tighten the chucks 
so thdt the rod is firmly gripped. Perform a preliminary set of 
experiments in which the weights added to the weight hanger are 
increased one by one till the maximum safe load is reached. 
They are then removed one,by one. The tape is passed over the 
rim in the opposite direction and the loading and unloading 
repeated. This is to train the rod to undergo torsion. 
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Then, starting with zero load, take the initial readings of the 
pointers. If the instrument is good and if there is no possibility 
of the slipping of the rod at the fixed end, the pointer near the 
fixed end can be dispensed with. This will make the experiment 
simpler. Add equal weights to the hanger, one by one at a time. 
Take the corresponding readings of the pointers. After the 
maximum safe load has been added and readings taken, remove the 
weights, one by one, and take readings. Take about 8 to 10 read- 
ings. The tape is wound over the wheel in the opposite direction. 
If the moment applied previously was clockwise, it will now be 
anti-clockwise and vice versa. Add and remove weights as before 
and take the readings of the pointers on the scales. 


Alter the distance on the rod between the two pointers and 
repeat the experiment. Take readings for three or four different 
lengths of the rod. 


Measure the diameter of the rod accurately, with a screw 
gauge, at not less than six places on it, equally, spaced along its 
length. .At each place, measure the diameter in two mutually 
perpendicular directions. Find the average diameter and calculate 
the radius. The diameter has to be measured very accurately, 
as the fourth power of the radius is involved in the calculations. 
Find the diameter of the circular wheel accurately, with a vernier 
calipers. 


Calculations :—When a cylindrical rod is firmly clamped at 
one end and a couple applied at the other end,in a plane perpen- 
dicular to its length, it gets twisted. If / is the length of the rod, 
r its radius, @ the angle of twist in radian measure, C the moment 
of the couple, and n the modulus of rigidity of the material of the 
wire, then 
mnrt+@g 

2/1 
If the weight added is Mg and R is the distance between the 


centre of the rod and the line’of action of the force, the moment 
of the couple = Mg R. 


en” 





: __ wnr*@ 

‘ “ MgR=-7- | 
2MgRI 
or n = ——-— 
mr*@ 


Divide the readings into two groups, to find the angle of 
twist for a particular load. Thus, find the difference in the 
angles of twist for 4 W and 0, 5 W and W, 6 W and 2 W, 
7 Wand 3 W. Their average will give the angle of twist for 4 W 
grams. Convert’ it into radian measure before applying it in the 
formula. ‘ 
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Tabulate the results as follows :— 
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Il. Diameter of rod 
Pitch of Screw gauge = cms, ; Least count => CDE. 
Zero reading = ems. ; Zero COrrection ==—.0 





: OP keep tty 


Along one direction Along a perpendicular direction 


























No. § | sb S o bb 
Pitch} Head| 3 9:5 | Pitch | Head es oO 
Scale | Scale! 1, 2 eS Scale | Scale Nj 2 mS 

5 Cn i oO 
ts) So) 9 0 
1 
2 
3 
4 
3) 
6 
Mean | Mean 
ens 
“. The mean diameter of rod ==) -i0MS; 
”. The mean radius of rod —= cms. 

Ill. Mean diameter of wheel == “CMs. 

Mean radius of wheel = ' cms: 


Use these data and calculate n the modulus of rigidity of 
the material of the rod, from the formula, 


(B) Telescope and Scale method 


Procedure :—This is a more accurate method. Remove the 
scales and the pointers attached to the rod. Fix a small plane 
mirror (about 1:5 cms. square) to the rod, vertically, with some 
wax vt with a metal clip fitted to the back of the mirror, at a 
distance of about 30 to 40 cms. from its fixed end. Set up the - 
stand carrying the telescope and scale at a distance of about 
100 cms. from the mirror. Turn the scale so that it is vertical. 
Rotate the telescope and adjust its height so that its axis passes ~ 
through the centre of the mirror. Adjust the eye-piece so that 
the cross-wires ‘are distinctly seen. Focus the telescope on the 
image of the scale seen in the mirror. Tilt it slightly so that the 

eg 


, 
: 
Porn 
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intersection of the cross-wires coincides with a definite division 
on the scale. Note the reading. Proceed as in the previous 
experiment and take readings with the telescope, while adding 
and removing the weights. Take readings for both clockwise and 
anti-clockwise rotation. Alter the position of the mirror and take 
another set of readings. Measure carefully the mean diameter 
of the wheel with a vernier calipers and the mean diameter of the 
rod with a screw gauge. 


Tabulate the readings as follows :-— 
Ix Diameter of the rod 


Pitch of screw gauge x 1 mm. 

Least count = 0:01 mm. 

Zero reading = -+ 0:02 mm. 

fy Zero correction | ==. 0°02 mm. 

Mean diameter of the rod = 6°25 mm. 

(Mean of six readings) 

”. Mean radius | oS) Sait 

| w= - 0°3125 cn: 

ll. The mean diameter of the wheel a4 CMS. 

“. The mean radius of the wheel = 6:2 cms. 


Ili. Length of rod = 30 cms. 
Distance of scale from mirror = 80 cms. 











—_—_—————— — 





Clockwise moment Anti-clockwise moment 




















Reading on Scale 2. Reading on Scale | ae 
SS he je eS 
q ME | cp 2? Bh 
While | While \qoan [eso%@| While | While |). [mee 
adding | removing. = 5 cs | adding removing eon ra 3 & 
N DN pat 
Q fl 
8°50 8°50 8°50 13°80 13°80 13°80 
7:50 7:45 7°48 14°89 14°80 | 14:80 
6°50 6°40 6°45 15°85 15°90 15°88: 
5°45 5°40 5°43 | 16°95 17:00 16°98 
4°40 4°40 4°40 | 4:10 | 18-00 18:00 18:00 | 4:20 
3°35 Kia) 3°35 | 4°13-} 19-10 19°10 19°10 | 4°30 
2-30) 2°30 eo |) A215 1° 90*10 20:20 20°15 4227 
rao - 1°30 1°30. | 4°13: | 21°20 21°20 21°20 | 4°92 
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*. Mean shift-for a load of 800 grams = 4°19 cms. 
*, The mean angle of shift = oe ee radians 
; 2 380-5 100 re 


2 X 800 x 980 x.62 3-30 
3°1416 x 0°31254 x 4°19 


== 3 ok ge dynes per sq. cm. 
The Modulus of Rigidity of the material of the rod casa is 
S71 x lO" dyies/com=. 


Tabulate the results for other sets of readings in a similar 
manner. 3 





EXPERIMENT 28 


RIGIDITY MODULUS BY TORSIONAL 
OSCILLATIONS 


Aim -—To determine the Modulus of Rigidity of a wire by 
Torsional Oscillations. 


Apparatus required :—Steel or brass wire, a uniform. metallic 
disc (circular or rectangular), stop-watch. 


Procedure :—The metallic disc has a chuck screwed at its 
centre. One end of the wire is introduced into the chuck 
| | re and firmly gripped. The other end of the wire is 
passed through another chuck fitted in a wall 

bracket or held firmly in a retort clamp attached 
te a heavy retort stand. The length of the wire 
is adjusted for a definite value and the chuck 
tightened. Make a fine mark with a chalk on 
the side of the disc. sPlace a tall knitting needle 
in front of the disc, so that the needle is opposite 
to the mark. Compare the stop-watch with a 
standard clock, if available. Find out, if any 
correction has to be applied to its readings. 


Measure carefully with a beam compass the 
length of the suspension wire from the lower end 
of the top chuck to the upper end of the 





2 = - 
ne 
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chuck screwed into the disc. Standing ig front of the torsion 
pendulum, gently twist the disc about its centre and let go, 
so that it makes rotational oscillations. The suspension wire and 
the disc must not oscillate Jateraliy. Omit the first few oscillations 
and start the stop-watch when the mark on the disc passes across 
the equilibrium position as indicated by the knitting needle. 
When it passes across the mean position in the same direction 
again, it has executed one oscillation. Note the time taken for 
15 to 20 oscillations. Take three such readings. Calculate the 
mean period. Alter the length of the wire by 10 cms. and note 
the time for 15 to 20 oscillations as before. Take three readings. 
Alter the length of the wire again and repeat. Take six such sets 
of readings. Calculate the mean period of oscillation in each case. 


Measure the radius of the wire accurately, using a screw 
gauge. The diameter must be measured in half a dozen places, 
spaced equally along the wire and, at each place, in two mutually 
perpendicular directions. Particular care must be taken in the 
measurement of the radius, as its fourth power is involved in the 
calculations. 

Remove the disc and find its mass. Measure its dimensions 
carefully, (diameter, if circular ; length and breadth, if rectangular] 
with a vernier calipers. 


Calculations :—The period of oscillation T of a torsion 
pendulum is given by, 


wae ae 
a 2K es 
ee | 
where C is the couple per unit twist and I is the momént of 
inertia of the disc. Now, 


J ge ni vt : 
er OM 





where / is the length of the suspension wire, r, its radius, and n, 
its modulus of rigidity. 
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An? x 21 ted 

mn r4 n r* 

Sax I/ 

T2 r3 ; 
Tabulate the results as follows :—Material of wire used is brass. 








Squaring, *T? = 


.,n= 





I. Period of oscillation 


Time for 20 oscillations | 
Length of | ——_-_____ Period of l 
oscillation 


Pendulum I Reading 


II Readins Mean 











= Rate a 


46:2 cms. C2 6.26 = 16 65. 





ee ce oe, 6-47" 2 Grae. 
CPO aor? 2a" a 
As Ane 





The values in the last column wili be constant, as //T? is constant 
for the same wire and disc. 


II. Radius of wire 





Pitch of screw gauge = 0°5 mm. 
Least count = 0:01 mm. 
Zero reading = + 0-06 mm. 
Zero correction = — 0°06 m.m. 
Average diameter of the wire = 0-46 mm. 
-, Average radius of the wire = 0-23 mm. 
III. Mass of disc. = 1001°5 gms 
"Average diameter of the disc = 16°75 cms. 
*, Average radius of the disc = 8°38 cms. 
Moment of Inertia of the disc, I, = M fe 
T= a = 35160 gm. cm? 
aon 8 x 3°1416 x 35160 x 0°124 
(023)* 


= 3°92 x 1011 dynes/sq. cm. 
‘ The Modulus of Rigidity of the material of the brass 
wire is 3°92 x 1014 dynes per sq. cm. 
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~ EXPERIMENT 29 


MOMENT OF INERTIA BY TORSIONAL 
OSCILLATIONS - 


° 


Aim :—To determine the Moment of Inertia of a disc by 
Torsional Oscillations and calculate the Modulus of Rigidity of 
the wire. 

Apparatus required :—Steel or brass wire, a uniform metallic 
disc (circular or rectangular), two identical cylindrical masses, 
stop-watch. 

* Procedure :—One end of the wire is introduced into the chuck 
fitted at the centre of the disc and firmly gripped. The other end 
is passed through another chuck fitted to a 
wall bracket or held firmly in a retort clamp 
attached to a- heavy retort stand as in the 
previous experiment. Adjust the length of 
the wire for a definite value and_ tighten 
the two chucks. Make a fine chalk mark 
on the side of the disc. Place a knitting 
needle in front of the disc, so that when you 
stand before the disc in a suitable position, 
the needle will hide the mark. Compare the 
stop-watch with a standard clock, if available, 
and find out if any correction is necessary. 





Measure carefully the length of the 
suspension wire, between the two chucks 
using a beam compass. Standing in front of 
the pendulum, gently set it in retational oscillation, withoyt any 
lateral movement. Omit the first few oscillations and note the 
time for 15 to 20 oscillations. Take two or three readings. Draw 
a line on the disc passing symmetrically through the centre.” Place 
the two cylindrical masses, on the line drawn, one on either side of 
the central chuck and close to it. Set the pendulum to oscillate 
and note the time for 15 to 20 oscillations. Take two or three 
readings. Move the cylindrical masses along the line, about 
5 cms. away from the centre, so that they are equidistant from it. 
Again note the time for 15 to 20 oscillations. “Take two or three 
readings. Calculate the mean period of oscillation in each case. 


Fig. 51 
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Repeat the experiment for one or two more lengths of the 
wire. , 


- Measure carefully the diameter of the wire, at six different 
places, equally spaced along the length of the wire, with a screw 
gauge. At each place, the diameter must be measured along 
two mutually perpendicular directions. 


Find the mean of the readings and calculate the radius. 
As the fourth power of the radius occurs in the formula, it must 
be measured with particular care. Find the mass of each of 
the cylinders with a balance. e 


Calculations :—Let T, be the period of oscillation of the 
pendulum alone, T, the period when the cylindrical masses are 
close to the centre and T, when they are at a distance from the 
centre. Let d, be the distance between the centre of the disc and 
the centre of either mass in the first position, and d,, the 
corresponding distance in the second position. 








Then, 
T, = al Vd 
lo. = 2m py / 1+ Fotos’ 
and T, = 2n / ee 


where i, is the moment of inertia of each cylindrical mass about 
its centre. 


se [ae fT ee = (2md,2 — 2md,*) 
e.. = a (Qmd,* — 2md,?) 
, igen a aakllal 
LN cael ara ee Si 
Sail dset I 
Now, n= Tart Substituting for T?’ 
. rs. ae lonm/ (d,* — dy”) 
rag sre oe Riser ka) 
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Tabulate the results as follows :— e 
I. The total mass of the cylinders used (2m) 


II. Radius of the wire 
Pitch of the screw gauge 
Least count of the screw gauge 
Zero reading 
*. Zero correction 
Average diameter of the wire 
(Mean of six readings) 


~. Average radius of the wire 























= 698-4 grams. 


= (| cm. 


= 0:001 cms. 
= —()°002 cms. 
= +():002 cms. 
= (:0495 cms. 


-= (0°0248 cms. 











UL, (1) Length of suspension wire = 72 cms. 
cs Time for 10 oscillations Boraad or 
ae aie ee, oscillation 
eee ry Reading Tl Mean 
S€CS. Secs. Secs. secs. 
No mass 121 i2 ) 12°15 
Masses at 3°8 ) 
cms. from | 
centre (d, = 144 144 7 144 l 14°40 
2. 3°8-CMsS. J ; 
Masses at 9°5 228 228 | 28 22°80 
- ems from | 
centre (dg = | | 
> cas.) See | 
I 698°4 x 12°152 x (9° 152 x (9°523 82) - 





22°82—14°42 
25020 gm. cms.? 


(2) Length of suspension wire = 58°8 cms. 





ed Time for 10 oscillations 
Position of 











-.. masses eee Tae ree Se ae 
ak a“ | Reading I | Reading II Mean 
Secs. “SECS. ~ SECS 
No mass me | ~ 110 110°5 
d, = 3°8 cms. a2 133 132°5 


d, = 95 cms. 209 209 209 





698-4 x 11052 x (9:52 52_3- 82) 


Be a” om.2 


pres Ghee rere 


e 


Period of." 
oscillation 








309313057 
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Average |] = 24880 : Average 2 = ()°485 


> 6 8X 311416 x 24880 x 0°485 
(Steel) 002484 
= 801 x 101! dynes/cm? 
‘. The mean Modulus of Rigidity of the material of the wire 
= 801 x 10'! dynes/cm.? 
Mean Moment of Inertia of the disc is 24880 gm cm.? 
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EXPERIMENT 30 
q, n AND o BY SEARLE’S METHOD 


Aim :—To determine the Young’s Modulus, Rigidity Modulus 
and Poisson’s ratio for a wire by Searle’s method. 


Apparatus required :—Searle’s apparatus, stop watch. 


Description of apparatus :—This apparatus consists of a pair 
of identical uniform bars A, B of steel or brass of circular or square 
cross-section. Their lengths are about 30 to 40 cms. and cross- 
section about | square cm. Each of the bars has a chuck screwed 
at its centre. The ends of the experimental wire about 30 cms. 
long are introduced into these chucks and tightly gripped. The 
bars are suspended from a rigid support by two strong strings of 
equal length. The strings are adjusted so that they are parallel 
and the bars lie in the same horizontal plane. 


Procedure :—The two ends of the bars are brought together 
and let go. They then vibrate in a horizontal plane about their 
centre. This is effected by bringing the two ends close together, 
tying them by a light thread and then ‘ourning of the thread. The 
oscillations must be regular. The wire connecting them bends 
into <n arc of a circle, on either side, when the bars oscillate and 
thus the oscillations are maintained. With the stop-watch find 
the time for 15 to 20 oscillations. Take three readings and find 
the mean. From this calculate the period of oscillation (T,). 


Then, clamp one of the bars at its centre tightly in a retort 
clamp fixed to a stand, so that the other bar hangs freely from 


e 
q, nN AND 0 BY SEARLE’S METHOD | as 


the suspension wire. Set the bar in torsional oscillation about 
its centre and note the time for 15 to 20 oscillations. Take 
three readings, find their mean and calculate the period of 
oscillatior. Measure the 4 
length of the wire between 
the chucks carefully. 
Measure the radius of 
the wire accurately with 
ascrew gauge, Measure 
the diameter in half 
a dozen places, spaced 
equally along the wire 
-and in each place in 





rates! 
two mutually perpendi- « 7 vi 


cular directions.’ As the Fig, 52 


fourth power of the radius is involved in the calculations, it 
has to be measured accurately. | 


Calculations :—In the first experiment, the wire is bent into 


2 
an arc of a circle. The bending moment = ne, If the 


length of the wire is /, then? = 2Ra. So, R= a 


2 
.. Bending moment = — YAMPA 2 
The bending moment provides the restoring couple. The 
| 2 e e ® 
angular acceleration is oes . So, the oscillations are simple 


harmonic. The period of oscillation T, is given by, 


ae | 
Ts atom A/ gh Z = 


where J is the Moment of Inertia of either bar. 

ais 6 

Now, AK2 = nmr? x 4 _ ake 
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In the second experiment, the wire is subjected to torsional 


oscillations. | 
a r/ ee 
T, = 24K fon? Rat 5 
21 


nt oael Sail 
= —_--~ O = - ——— 
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If I, the moment of inertia of the bar is calculated from its 
dimensions and mass, q and n can be calculated. 


ag, the Poisson’s ratio of the wire is calculated from the 
formula, 


Co scenes © 


~ Of 
Tabulate the readings thus :— 


Experiment I 









Period of 
Time for 15 oscillations oscillation 


Ty 


Trial No. 


Experiment IT 











=" Period cf 
Trial No. | Time for 15 oscillations oscillation 
ey ie 
Radius of wire :— 

9 Pitch of screw gauge ”~ = cms. 
Least count of screw gauge = cms. 
Zero reading = cms. 
Zero correction = cms. 
Mean diameter of wire = cms. 


(Mean of six readings) 
-, Mean radius of wire cms 
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Moment of Inertia of bar 


® 


per Acength of bar on cms. 
Breadth (or height) of bar = cms. 
Mass of bar ee grams. - 
~, Moment of Inertia of bar = | 
ae will } Sx Il aegis 
= T,? 1 ee T,? rt. and o aa l 
° ' SECTION III 
HEAT 


EXPERIMENT 31 


COEFFICIENT OF LINEAR EXPANSION 
3 OF A SOLID 
Aim :—To determine the coefficient of linear expansion of a 
solid using a single optic lever, telescope and scale. 


Apparatus required :—Linear expansion apparatus, single 
optic lever, telescope and scale. 


Description of apparatus:—The apparatus consists of a vertical 
wooden frame F about 50 cms. high, open in front and behind. 
At its centre stands vertically, a hollow 
brass jacket J suitably supported. It is 
tightly closed by rubber stoppers at the 
two ends. The experimental rod whose 
co-efficient of linear expansion is to be » -7 
determined is inserted intgq the jacket, 
through the rubber corks, so that it 
projects above and below the jacket. 

The rod tapers to a point at the bottom 
end and rests on a small depression on 
a metallic plate. The top of the rod 
is flat and projects a little above the 
frame through a circular hole init. A 
thick glass plate G with a central circular hole is placed on the 
frame with the rod passing through the hole. The top of the 
rod is flush with the surface of the glass plate. «The brass jacket 





Fig. 5 
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has an inlet at the top for letting in steam and an outlet at its 
bottom for letting it off Somewhere near the middle, there is 
another hole with a brass tube attached. This is closed with 
a cork and a thermometer T inserted through it. 


The single optic lever L is placed on the glass plate at the top 
with its hind legs resting on the glass plate and its front leg resting 
on the flat top of the rod. 


Procedure :—Place the telesccpe and scale in front of the 
apparatus. Turn the scale so that it is vertical and parallel to the 
mirror of the optic lever. Rotate the telescope so that its axis is 
horizontal and passes through the centre of the mirror. The distance 
between the mirror and the scale may be from 80 to 100 cms. 
Adjust the eye-piece of the telescope, so that its cross-wires are 
distinctly seen, one of them being horizontal and the other vertical. 
Gently tilt the telescope so that the horizontal cross-wire coincides 
with a definite division cn the scale. Note the reading. If 
_ necessary, illuminate the scale with a lighted bulb. | 


Get ready a steam boiler. Connect the outlet tube in it, to — 
the inlet at the top of the apparatus, using a long rubber tube. 
Pass the steam into the jacket. It will heat the rod and escape at 
the bottom. The rod will expand. The bottom end rests on a 
metallic plate. So, no expansion will take place at that end. All 
the expansion will be at the top. So, the front leg of the optic 
lever will move up. The mirror will get tilted and the reading on 
‘the scale will change. 


Pass the steam for half an hour. Note the reading on the 
scale coinciding with the horizontal cross-wire. Take a reading 
after the steam had passed for another five or ten minutes. When 
three consecutive readings taken at intervals of five or ten minutes 
are the same, stop the supply of steam. Note the temperature 
of the steam. 


Allow the jacket to cool. Remove the rod and measure its 
jength carefully. Press the optic lever on a sheet of paper. 
Measure the distance between the front leg and the plane of the 


other two legs. 


6 
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Tabulate the readings as follows :— 





Initial reading on the scale = 9, 
Final reading on the scale = 5 
Shift in reading = S,—5, 
Distance between the mirror and the scale = D cms 
Distance between the outer leg and the | \- 4 
plane of the inner legs 
*. Increase in length = ee i) a8") Grieg: 
ce ie 
Length of the rod = Lems. 
Initial temperature of the rod “adie Con 
Final temperature of the rod Sa ee 
Coefficient of linear expansion of | | 
the material of the rod | Se aa wae gs 


Repeat the experiment and take one more set of readings. 
Find the mean coefficient. 


EXPERIMENT 32 


COEFFICIENT OF APPARENT EXPANSION 
OF A LIQUID 


Aim :—To determine the coefficient of apparent expansion 


of a liquid using (1) a specific gravity bottle and (2) a pykano- 
meter. 


Apparatus required :—Specific gravity bottle, pykanometer, 
liquid, constant temperature bath. 


(A) Specific gravity bottle. 


Procedure :—Find the weight of a clean, dry specific gravity 
_ bottle correct to three places of decimals. Keep the liquid whose 
coefficient of apparent expansion is required, in an open beaker 
for some time, so that it takes up the temperature of the room. 
Fill the specific gravity bottle with the liquid carefully. See that no 
air-bubbles are formed. Hold the specific gravity bottle in the 
folds of a towel so that your hands do not some in contact 
with the bottle and heat it. When the bottle is full, iasert the 


= 
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Stopper gently. The°excess liquid escapes through the hole in the 
stopper. Wipe the outside of the bottle clean. Make sure that 
there are no air-bubbles inside. Handle the bottle by the neck. 
Find the weight of the bottle with the liquid accurately. Suspend 
the bottle in a constant temperature bath whose 
maximum temperature is far below the boiling 
temperature of the liquid. For ordinary liquids 
like kerosene oil, coconut oil etc., a water bath 
will do. The bottle should be so suspended in the 
liquid that the neck alone is above the surface the 
liquid in the bath. 





Heat the bath. The liquid expands and oozes 
out through the hole in the stopper. Remove the 
escaping liquid with bits of filter paper, so that it 
does not mix with the liquid in the bath. When no more liquid 
escapes through the hole, the expansion may be taken to be 
complete.’ Remove the bottle and wipe its outer surface clean. 
Allow it to cool and then find its weight accurately. 


a 54 


~°*To make sure that the expansion is complete, keep it in the 
bath for ten minutes more, remove it and find its weight. See if 
the two weights are the same. 


Note the maximum tap eniion cor in the bath. 


Tabulate the readings as follows :—~ 


Weight of the specific gravity bottle = W, grams 
- Weight of the specific gravity bottle -+ the AS 
liquid filling the bottle W, grams 
‘, Weight of liquid alone filling the bottle = (W,—W,) 
; ; grams 


— diquid remaining in it after expansion 
Bt complete 


Weight of liquid remaining in the bottle cab CW a7 Wis 
expansion is. complete grams 


Temperature of the room at the time that tne a T.°C 
bottle is filled 1 v. 


Maximum temperature of the bath , = T,°C, 


Weight of the specific gravity bottle + the 
| W, grams 
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If dis the density of the liquid at the ,room temperature, .a 


volume of liquid fe) at temperature T, °C expands. when 


® 


heated and occupies a volume equal to | chee es OP 


\ 


i W.--W,\ (W.-W, 
Coefficient of apparent | i dene yes ees 


expansion of the; = J~—— 








liquid | : & ei aes 
uf (Wo—Ws) « 
; (Wa—W,) 7 Bl 
;  ) Coefficient of 
Ihe coefficient of | Its coefficient of volume ex-_ 


| 
absolute expan- > = apparent expansion + + pansion of the 
sion of the liquid. | ° | containing 

. a vessel. en 
Repeat the experiment and take one more set of observations. 


(B) Pykanometer 


Description :—The Pykanometer is a small glass Bl ) 
~ specially designed for the determination of the coefficient of volume — 

expansion of liquids. It has the shape | 
shown in the figure. The body of it 
is an elongated cylindrical bulb about 
10 cms. long and 1 cm. in diameter. 
To its top end, a glass tube bent at 
right angles is joined. At e 
is joined another similar 
which is bent round so as tovwe parallel 
to the cylindrical bulb. At the top, the 
tube is bent at right angles along the SZ. 
same line as the other limb.but, in the a hee 
opposite direction. The end of the tube is tapered. A mark M is 
made near the mouth of the tube pasted to the top of the bulb. 
The liquid is always made toy y the volume from this mark 
iM to the mouth of the taperis“g tube _ the other end. 


“ 













Pracedare -—Clean the pykanometer and dry it. Find its 
weight correct to three places of decimals. Attach a small length 
| of rubber tube to the tapering ena: ue the mouth of the other 


ae oe i 
‘ , 


“a ; id 
) A ' a. + 
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tube in the liquid kep, in an open beaker. Suck up the liquid, 
till it fills the bulb and the tube up to the rubber tube. Take it 
out. Remove the liquid from its mouth carefully with bits of 
filter paper, so that the liquid occupies the volume fromthe fixed 
mark M, to the mouth of the tapering tube. 


-A wire: is tied to the two limbs, so that the pykanometer can 
be suspended, with the two limbs in a horizontal position. Wipe 
its surface clean. Suspend the pykanometer from the stirrup in 
the balance and find its weight accurately. 


Place the pykanometer in a water bath, immersing it in the 
water and resting its two limbs on the rim of the bath.” As 
much of it as possible must be inside the water. Heat it. The 
liquid expands. Remove the liquid that escapes due to expansion, 
with bits of filter paper. When the maximum temperature of 

_ the bath is steady*for some time and the expansion is complete, 

~~ remove the liquid from the mouth of the tube carefully, with a 

~ dit of filter paper so that the liquid occupies the volume from the 
fixed mark M, to the mouth of the tapering end. 


- Remove the pykanometer, cool it and weighit. Again 
suspend it in the water bath and keep it there for ten minutes. 
This is to make sure that the expansion is complete. Remove it 
and weigh again. Note the maximum temperature attained by the 








bath. 
Tabulate the aaeultth as eollows i i 
Weight of pykanometer a We grams 
Weight of pykanometer +liquid \ _ 
filling it, at W. grams 
Weight a pykanometer-+ liquid |: 
left after expansion i is complete. Ws yee 
Temperature of the room at the|_ 7 oq 
: beginning of the experiment fp ee 
_ Maximum temperature of el TC 
: bath ne ps Bieta 
is Coefficient of goperent | (W, -W,) 
* ane A O rae - (W, - W,)x(T,=1 
The coefficient ) The coefficient } Coefficient of volume 
' ofabsolute$ = of apparent} + expansion of con- 
expansion ) , expansion ‘ taining vessel 
* Repeat the orm and take another set of observations, 
ei Sg, 


ae os, | 
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EXPERIMENT 33 


COEFFICIENT OF INCREASE OF PRESSURE _, 
> OF AIR AT CONSTANT VOLUME 


Aim :—To determine the eonincient of increase of pressure 
of air at constant volume. | 


Apparatus required :—Pressure coefficient apparatus. 


Description :—The pressure coefficient apparatus, also known 
as Joly’s bulb apparatus, is a modified form of Boyle’s Law 
apparatus. The closed tube is 
replaced by a Joly’s bulb J, which 1s 

a spherical bulb about 5 to 6 cms. 
in diameter with a capiflary tube 
leading from if. The tube is bent ) 
twice at right angles and inserted 
into the rubber tube containing 
Inercury. there is a fixed mark 
M made on the tube, a little above 
the rubber tube. Mercury stan ding 
upto this mark encloses a definite 
volume of air in the Joly’s bulb. 
The air in the bulb must be 

_ perfectly dry. To ensure this, a 

few drops of concentrated sulphu- 
ric acid are kept in it. ‘ 


4 


Lepepaed yada 3) 





ak Ree eee 

















: Procedure Read the pimosenenic pressure. Seem the Fortin’ S 
_ Barometer, after making: the preliminary adjustments. It is then 
standardised. Keep a beaker of water on a ring stand and 
bring it under the Joly’s bul, so that it is completely immessed in 
water. Place a thermometer in the water and note the tempera- 
B cure. Adjust the open tube on the right hand side in the appara- 
tus, so that :mercury stands at the fixed mark M on the tube 
on the left hand side. Note the two. mercury levels and find their 
_ difference. The atmospheric pressure + this difference (plus, if 
the mercury level on the right is above the fixed mark M_ and 
minus, if it is below) gives the pressure of the dry air in the bulb, 


eS 
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Heat the beaker with a small flame from the bunsen 
burner, so that the heating is slow and regular. Stir the 
water all the time to ensure uniform heating. When the tempera- 
ture reaches 40°C, stir the water and regulate the heating so that 
the temperature remains constant for about 3 minutes. Adjust the 
height of the open tube on the right so that the mercury stands at 
the mark M on the left. Note the reading of mercury level in the 
open tube. Resume the heating till the temperature reaches 50°C. 
Maintain the temperature constant for 3 minutes, Adjust the 
height of the open tube so that the mercury stands at the fixed 


‘mark M. Note the reading of the mercury level. Heat again. 


Maintain the temperature constant at 60°, 70°, 80°, 90°. Adjust 
the height of the open tube in each case so that the mercury level 
stands at M and note the readings. Take the reading likewise at 
the boiling point. Remove the flame and allow the bath to cool. 
[As a precautionary measure, lower the open tube on the right 
sufficiently. Otherwise, as the temperature falls, the pressure ‘of air 


- in the Joly’s bulb will decrease. There is then the risk of mercury 


entering the Joly’s bulb and spoiling the experiment.] At tempera- 
tures 90°, 80°, 70°, 60°, 50°, 40°, maintain them constant for 3 
minutes. Adjust the height of the open tube to make the mercury 
always stand at the fixed mark M. Note the corresponding read- 
ings of the mercury level in the open tube. To cool the water in the 
bath you may add small quantities of cold water carefully and | 
stir the bath constantly. This will save time. Take a reading at 
the room temperature also. 


Calculations :—Let P, be the pressure of dry air ata tem- 


perature T.° Cand P, the pressure at a temperature T,° C. 
If a is the pressure coefficient of air and P, the pressure at 


0°C, then. oa 
ps a Pe Cha Ty) 





i, Boos BR, U4aT,) 
, Pe fat.) _ 1+aTy 
ai 5 “(aT,) l+aT, 
be . P ey 


ibs: ee a 7 PRT —P, xT, 
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20 to 25 cms. from one end of the tube, Seal off that end. A 
column of dry air gets enclosed between the, 
mercury thread and the closed end. 


Fasten the capillary tube along with a thermo- 
meter on a half-metre scale. Immerse them verti-. 
cally in a water bath, with the open end of the 
tube above and the mercury thread about 6 or 
7 cms. below the level of the water in bath. 


Note the initial length of the aircolumn with 
the help of the metre scale. Heat the water bath 
slowly till the temperature rises to (40°C.) Stir the 
water well, regulate the heating and keep the 
temperature constant for rot less than 15 minutes. 
Note the length of the air column and the corres- 
ponding temperature. [As the glass capillary tube 
is a bad conductor and is alsu thick walled, the 
temperature of the bath must be kept constant for a 
fairly long time to ensure that the air inside is 
heated to the temperature of the bath.] Heat the 
Mater bain to 50°C, 60°C, 70°C, 80°C, 90°C and 
the boiling point. At each temperature, keep it constant for not 
less than 15 minutes and note the leng’ hs of the air column and 
the corresponding temperatures. 

Then, cool the water bath and at the temperatures mentioned 
above, note the lengths of the air column. Take care that the 
temperature is kept constant at each temperature as indicated 





above. ° j 
The pressure of the air inside is constant and is always equa 
‘to the atmospheric pressure plus the length of mercury thread. 


‘Tabulate 1 the results as follows :— ag 


Reading of lowerlevel | 
Reading of Mercury — | Length | 
of closed) — | NE TIN ico 
ad While column > Pe ee i, en | 
heating 









While | 


cooling Mean 















For the entries in the last column, take the lengths af the air 
column at the room temperature and Cake | 40° and 80°, 50° and — 


P28. TEXT BOOK OF PRACTICAL PHYSICS 


90°, 60° and the boiling temperature and calculate a. Find 
the mean value of a.. 


, Graph :—Draw a graph, plotting temperature along the X axis 
and the length of the air column Jong the Y axis. You will get a 
straight line graph. Produce it both ways and find the lengths of 
the air column at 0° and 100°. Calculate a. 

tie Figg = 2 0 
Ly X100 
Use the graph, to find (1) the melting point of paraffin or 
naphthalene and (2) the boiling point of a liquid like alcohol. 
The lengths of the air column are determined corresponding to 
those temperatures and the temperatures are read off from the 


graph, as explained in Experiment 33, for the constant volume air 
thermometer. 


EXPERIMENT 35 
SPECIFIC HEATS OF SOLIDS AND LIQUIDS 


Aim :—To determine accurately the specific heats of (1) a 
solid and (2) a-liquid, by the method of mixtures. 


Apparatus required :— 
Specific Heat apparatus, 
sensitive thermometer, solid, 
liquid. 







Description of appara- 
tus :—A compact apparatus, 
designed by Glazebrook 
and Shaw, is used dor 
the experiment. It consists 
mainly of (1) an arrange- 
ment for heating the solid 
and (2) a calorimeter for | 
receiving the solid and 
mixing it with water or 
liquid for transfer of heat. 
The two parts are kept on 

Fig. 62 either side of a wooden 
o_-?* that can be raised or lowered when required, 
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The heating arrangement is a cylindrical steam heater S with 
a central air chamber about 3 to5 cms in diameter, running from 
top to bottom. The hole is large enough for’ a solid to be 
suspended in it. The heater has an inlet at the top for letting in 
steam and an outlet at the bottom for the steam to escape. The 
circulation of steam outside the central chamber raises its 
temperature and the solid suspended init gets heated. Since the 
steam does not come in contact with the solid, no condensation of 
steam can take place on it. The top of the air chamber is closed 
by a rubber cork through which a thermometer T, is inserted for 
noteng the temperature of the solid, as it gets heated. The steam 
heater rests on a platform with a large circular hole at its centre. 
The steam heater is connected to a vertical rod on one side of the 
platform about which it can swing. 


The calorimeter portion of the apparatus consists of an inner 
copper calorimeter resting on a non-conducting material like cork 
(or suspended) in an outer copper calorimeter. This is kept in a 
wooden box W. The box can slide smoothly on the base and, 
when the partition is raised, can be brought vertically under the 
hole in the platform on the other side. The calorimeter is provided 
with a stirrer. A bracket attached to the wooden box with 
a clamp in it carries a sensitive specific heat thermometer T,. The 
outer surface of the inner calorimeter and the inner surface of the 
outer calorimeter are brightly polished so as to minimise heat 
losses due to radiation. 


[The above apparatus is only a compact form of apparatus 
used for the purpose. The experiment can, however, be per- 
formed, even if the above apparatus is not available as such. A 
separate steam-heater similar to, the one described above eand 
mounted on a retort stand can be used for heating the solid out 
of contact with steam. A separate calorimeter similar to the one 
~ described can be used for receiving the hot solid. ; 


(A) Specific Heat of a Solid 


Procedure :—Tie the solid to a string and suspend it in the 
central chamber of the steam heater. Take out the other end of 
the string and tie it to the rod on the platform. Close the hole at 
the top by a rubber stopper. An ordinary thermometer i is inserted 
through it, so that its bulb is by the side of the solid. _Swing the 

heater to one side of the platform so that the bottom hole is 
17 
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covered by it. Set up a steam boiler a little away from the 
apparatus and connect it to the tube at the top of the steam heater. 
Heat the boiler. 


Remove the inner calorimeter with the stirrer and find its 
weight. Fill it with enough water to immerse the solid and 
again find the weight. Gently replace the calorimeter into the 
outer calorimeter. Insert the sensitive thermometer into the clamp, 
so that its bulb is well immersed in the water. 


Allow the steam to circulate in the steam heater for about 
30 to 45 minutes. Note the reading of the thermometer in the 
heater. Wait till the temperature (of the solid) is steady for over 
15 minutes. Stir the water in the calorimeter and note the initial 
temperature. Have a stop-watch ready. Raise the partition, 
push the wooden box under the platform, swing the steam heater 
round so that the central chamber is above the hole in the plat- 
form, remove the rubber stopper, gently drop the solid into the 
calorimeter, start the stop-watch, push the box back to its original 
place and lower the partition. [All the above manipulations must 
be done as quickly as possible and without hitch. The solid must 
be dropped gently, so that the water does not splash.] 


Stir the water well and note the temperature in the thermo- 
meter every half minute. It must be continued, even after the 
maximum temperature is reached, at least for an equal interval of 
time. With good conductors like copper, the maximum tempera- 
ture will be reached quickly, while with solids like rubber, glass, etc. 
it will take some time. Take readings till the temperature falls by 
about | or 2 degrees after reaching the maximum. 


Remove the inner calorimeter and stirrer when it has cooled 
and’ find the weight again. From this and the previous weight, the 
‘weight of the solid can be found. 


Radiation correction :—The most important source of error is 
the cooling due to radiation, that takes place, while heat is being 
transferred from the solid to the water. A correction has to be 
applied for it. A simple correction is as follows. Note the time 
taken for the temperature of the calorimeter to reach the maxi- 
mum. From the readings, find the fall of temperature during 
half the above interval of time, after the maximum temperature is 
reached. This is the radiation correction. It is known as the 
half-time Correction. Alternatively, if the time taken for the rise 
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of temperature is very short, note the fall of temperature during an 
interval of time, equal to that taken for the rise of temperature. 
Half this fall of temperature is taken as the cooling correction. 
Both these are approximate and assume that the rise of temperature 
is uniform. 


An accurate correction for radiation can be found by 
Barton’s method. Draw a graph representing temperature on the 
Y axis and time on the X axis. The curve will have the shape 
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Fig. 63 


shown in the figure. T, represents the initial temperature Of the 
calorimeter and contents. T, represents the maximum tempera- 
ture reached in time t, seeds T's represents the temperature 
after t, seconds. 


Let A correspond to T,, the initial temperature. It is also the 
temperature of the enclosure. Draw a line A E F parallel to the 
X axis. From B, corresponding to the maximum temperature T,, 
draw a line BE parallel to the Y axis and a line BD parallel to oA 
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X axis. Through C which corresponds to T, draw a line DC F 
parallel to the Y axis. 


Now the fall of temperature (i.e. cooling) in time (t, ~- t,) 
seconds is (T, ~ T;). Measure from the graph the areas of 
BCfreE and ABE. The radiation correction i.e., the fall of 
temperature during t, seconds from the beginning, due ‘to radiation 
is given by, 

: Area ABE 
we ST Kee OVE Tage 

d T added to T, will give the temperature that would have 
been reached by the calorimeter and contents, if there had been 
no cooling due to radiation. 


Calculations :— 
Weight of calorimeter ‘ane stirrer = W, grams. 
Weight of calorimeter, a ae, - W, igrams. 
water 
Weight of water alone f= °(W, - W,) 
ae grams. 
Weight of calorimeter, stirrer, water | __ W 
and solid he sige: 
Weight of solid <7 (W, — W,) 
grams, 
[nitial temperature of water oe 
Final maximum temperature se _- TC 
water after solid is added abr 


Time taken for the maximum tem- 


perature T, to be reached = t, seconds. 


Time taken for the temperature T, 

< to be reached = t, seconds. 

_ Radiation correction from graph = ¢@ Ff, 
Corrected final temperature = (TT peat 


Initial temperature of solid before it | TC 
is dropped into the calorimeter f ~ 


Specific heat of the material of the _ 
oe 


calorimeter 4. 
Let S be the specific heat of the solid. 
Then, Heat lost = Heat gained. 
0 (We Wa) S x CE 


- {W,s+(W, - Wi) } xf, +47 - TY! 
Wis +(W, - Wy (; +d Dw 
: - CW We) UL Bg) 
From this S is calculated. 


S 
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‘Tabulate the readings as follows:— 


I Balance Readings. 





a a Turning 





















































. Weight on points se Weight 
Se aie ane, Resting | correct to. 
ae an point | a centigr: 

P Left | Right eam 
| | | 
Peco. |. . Zero jails 200 ee bo a 
load 90] 11-5 | 
° 10:0 ! 
| : | 
; | | | 
Calorimeter | 97°30 grams.; 9°90 | 12:5). 108 | 
and stirrer . OS IahiS | 
10-3 
ee _| 97:30 grams. 
To oe 
97:31 grams.; 9:0; 11:0 
| a5 
Calorimeter, 179-14 | O52 43-53-43 116 
stirrer and prams: . /,4100:— 130 
water 10°5 
else oe fee oe 
grams. 
65! 140) 104 
as 179°15 Pea) 
grams 8-0 
Calorimeter, 196°25 ce Oa Be Aas 10°3 
stirrer, water) grams. a ae a ae 
and solid ° 10°0 | = 
ae ee i a. Bua a ee eee 196°25 
| grams. 
é 5° 145 11°8 
a 196°24 10:0 | 13:0) 
grams. 11-0 | 
Weight of calorimeter and stirrer =e 97°30 grams. 
Weight of water taken = 81°85 srams. 
Weight of solid taken = 17°10 grams, 
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[For this experiment, it is ia a if the weights are taken 
correct to the centigram.] 


Time—Temperature readings. 


























Time in | Tempe-— oe i ‘Tempe- | Time a ‘Tempe- 
minuies|| ~ Yature |. u minutes | rature minutes | Tature — 
0 By ae Ae ss Fae oo 8 33°6 
4 325" 44, 33°95 84 335 
] cee! Si 4 oe 9 i 
13 So05e De eee oe oF 33%5 
pi | Sei g 6 33°00. 4) ER 33°45 
24 33°35" 64 33°8 104 33°4 
3 33-90° 7 33-75 : ll 33-4 
34 33°9>~ 74 337 114 33°35 
Maximum temperature reached = 33°95°C 
Radiation correction from graph \ 031°C 
applying Barton’s method [ ae : 
Corrected temperature = 34:26°C 
Initial temperature of solid = 99°C 

CASS B85) UCT oe 
Rope Vt Si 
ae 2 2802 ee 0:74 


bit 63°05 
The solid is Aluminum. 


(B) Specific Heat of a liquid using a solid of known Specific Heat 


Procedure :—Select a solid which is neither soluble in the 
liquid nor chemically acted on byit. Determine its specific heat 
by the above method. Suspend it in the steam heater and pass 
steam. 


Weigh the calorimeter and stirrer empty. Fill it with 
enough liquid to completely immerse the solid and weigh again. 


Heat the solid sufficiently long so that the maximum tempe- 
rature reached by it is steady for over 15 minutes. Note the 
temperature of the calorimeter and contents. Following the 
instructions given in the previous experiment, gently drop the solid 
into the calorimeter. Note the maximum temperature reached. 
Allow it to cool for some time and note the readings. Draw the 
temperature-time graph and find the radiation correction: Let 
S, be the specific heat of the liquid. 


SPECIFIC HEATS OF SOLIDS AND LIQUIDS eS 
Calculations:—Using the same symbols as in the previous 
experiment, 
Heat lost = Ws Wa) x 8 x T= ts) 
Heat gained = ; W 1S + (W, — W.)S,! Ole + dT)— ee 
ga (Wa—Wa)xSx(T—T,)—W; s (Tp +4T—T,) 
es O¥a—W 1) (Ts dT —Ty)- 
Tabulate he results as follows :— 
I. Balance readings 





ST 


| 
: Turning points | Weight 





























Object foe | Resting | correct 
Given Gy. | 
weighed | pond pan — 7 pont to a 
| | centigram 
| | | 
Zero load a Zero 9°5 
Calori- | 47°59 gms. 10:0 
meter and 
stirrer | ; 47°60 
grams 
47°60 ,, 9'0 
Calori- |140°54_,, 9-8 
meter 
+ stirrer 
+ liquid 7 140°54 
gtams. 
140°55_,, 9-0 
§ 
Calori- | 156-00 10:0 
meter grams. 
+ stirrer 


ee a grams. 
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Weight of calorimeter and stirrer = 47:60 grams. 
Weight of liquid taken mo OPOS ae 
Weight of solid = 15-47 


29 


[In this experiment, it is enough if the weights are taken 
correct to a centigram.] 


Il. ee erature ieee = 


SERRE RE aur ee 





Time in 











Time in | pase minutes | Oe 
| | : : 
meee 32:9° 20 oe 
0-25 37:7° os 36°9° 
05- Bana. 3-0 36°8° 
10 - 37°5° 335 20 %%2 
1-5 : 372° 4:5 36°6° 
| 








ST Ge ge Ge 


Maximum temperature reached 


Radiation correction from graph an O05 
‘, Corrected temperature = 37°75°C. 
", Rise-of temperature of liquid = § 485°.C 

Initial temperature of solid =  96°35°C. 

Specific heat of the solid (aluminium) = 0°22 
Lg = 1547 x 022 x 588 — 4:76 x 4°85 








92°95 x 4°85 
= 039 
*, The specific heat of the liquid is 0°39. 


_ EXPERIMENT 36 
LATENT HEAT OF FUSION OF ICE 
Aim :—To determine the Latent Heat of Fusion of Ice. 
Apparatus required :—Calorimeter, Ice, Filter paper. 


Description :—The calorimeter used for this experiment has 
a brightly, polished outer surface. It is suspended inside an outer 
calorimeter (or placed on a block of wood or OER kept at the 


LATENT HEAT OF FUSION OF ICE , Be 


bottom of an outer calorimeter). It is provided ve a special 
stirrer, covered with copper Wire-gauze. 


(A) Latent heat of fusion of ice 


Procedure :—Find the weight of the 
inner calorimeter and stirrer correct to 
a centigram. Fill it with water to 
about two-thirds of its height and 
find the weight again. Suspend it 
carefully inside the outer calorimeter. 
Placg a sensitive specific heat thermo- 
meter init. Stir the water well and note 
its initial temperature. Take a small bit 
of ice, dry it well in the folds of a filter 
paper and drop it into the calorimeter, 
starting a stop-clock simultaneously. The 
drier the ice, the more accurate the result Fie ot 
will be. Stir the water well. The ice 
must not be allowed to float up. Keep it always under water 
with the wire-gauze covered stirrer. After the ice has melted, add 
a few more bits similarly dried, one by one. The temperature 
will fali as the ice melts. Note the temperature every 15 or 30 
seconds. When the temperature has fallen by 3 to 5° C, stop 
adding ice. Stir the water well and note the minimum tempera- 
ture reached. Thien allow it to raise in temperature by absorbing 
heat from outside. Continue noting the temperature every 15 to 
30 seconds, till the temperature rises by about 1 or 2°C., 
Remove the inner calorimeter with the stirrer and find the weight 
again. The difference between this weight and the previous ane 
will give the weight of ice added. 

Note :—Take care to see that the fall of temperature is not 
large enough to make the temperature of the calorimeter sgach 
the dew-point. If that happens, dew will get deposited on the 
outer surface of the calorimeter and this will ruin the experiment. 


Absorption correction :—In this experiment, heat is absorbed 
by the calorimeter as it cools. So, the temperature does not fall 
as it should. Hence, an absorption correction has to be applied 
to the final temperature. e 

An approximate correction is as follows. Note the time 
taken for the fall of temperature. Find the rise of temperature in 

18 : 





Mire 
. hy 


: te ”,, e 
FR , f - ’ : or | 
u s ; ‘ ‘ is . % 
. a ’ 
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half that time, after the final temperature has been reached or half 
the rise of temperature during an equal interval of time, after the 

nie . | final temperature has 
: ae been reached. Sub- 

pres tract this from the 
final temperature 
noted. “The” correct 
ed temperature will 
represent the tempe- 


rature that would have 
been reached, i) 4nere 
had been no absorp- 
tion of heat from 
outside. 





Swit 





et 


TEMPE RA TURE 
Hee ae 


: A more accurate 

correction based on 
Barton’s method can 
be applied. Draw a 
temperature-time graph. The curve obtained will be the 
reverse of the one obtained in Experiment 34. Through 
the point representing the initial temperature T,, draw a line 
parallel to the X axis. Through the points representing the 
minimum temperature T, and the temperature T,, after it rises by 1 
or 2 degrees, draw lines parallel to the Y axis. Let the area of the 
space between the descending part of the curve and the corres- 
ponding co-ordinates be A and that between the ascending part of 
the curve and the corresponding co-ordinates be B. Then the 
absorption correction d T is given by 


, aT — areaA x (T; — T). 








Area B 
Calculations :— ; 
Weight of calorimeter -+ stirrer == W, Sams, 
Wee calorimeter + stirrer th Wigertich 
Weight of water alone = (W, — W,) grams. 


Weight of calorimeter stirrer + | _ W, grams. 
water -+ ice : 


Weight of ice added i = (W, — W,) grams. 
Ynitial temperature of water 26) 9D ON 
- Final temperature of water = T,°C. 


Time taken to reach the final 
minimum temperature 

Rise of temperature during half\_ gq 7. 
the time 

, Absorption correction = <4 t- G, 


= t, seconds. 
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.. Corrected temperature saftf oY add, 
Heat lost by water andy) _ ( Vy Ss 
calorimeter i praca, = ee co og Rai Ate 


J — aT) } 
Heat gained by ice for 


melting and for rising in \ =(W,—W,)L+(W,—W,)(T,—9) 
temperature from O°C J | 


oot, W.) L+ (W,—W.) XT, 
= {(W,—W,) +W,s; ‘T.-@ar dn) 
— {W.-W +W,s} {T,—-(T,—dT)} —(W,—We)Ts 
ae fe ew, W)C, RETR 
Tabulate the results as follows :-— 
I. Balance Readings :— 





Load - Weights | Turning points . Accurate 
on Left | on Right | — Resting | weight 


























Pan Pan Left | Right point (correct toa 
| centigram) 
em ere r oe aaiss , 
Empty Zero 
Calorimeter | x grams | 
+ stirrer 
ee oleae ae ois Ws rams. 
a x £ 0-01 | "3 
grams. 
Calorimeter | y grams. 
-+- stirrer " 
+ water SSA ae ox 2. LW, eramis 
. y +001 
grams. 
®& 
Calorimeter | z grams. 
++ stirrer 
+ water 4 
+. ice Oe ae W, grams. 


ie 99 Z ae 001 ee 
grams. 





140 TEXT BOOK OF PRACTICAL PHYSICS 


Il. Time-Temperature readings :— 








Time 








Temperature 








II. Absorption correction :—dT. from graph = 
Repeat the exper iment twice or thrice and find the mean value 
of the latent heat of ice. 


(B) To determine the specitte heat of a liquid using ice 


Determine the latent heat of ice first, as described in the above 
experiment. : 


In place of water in the calorimeter, take the liquid. [It is 
possible that, if a liquid like coconut oil is taken, addition of too 
much of ice will produce an emulsion and will ultimately freeze 
the oil. This must be guarded against.] Follow the instructions 
given in the experiment described above and take all the readings. 
Let S be the specific heat of the liquid. Use the same symbols 
for the other quantities. 

Heat lost = dea gained 
“OW, —W,)S+W,s | x {T, —(, —dT)} 
= (W,—W,) L+(W,—W,) (T.—9) 
_ (W,—W.) L-+(Ws—W,) Ta—Was [T1—(1—47) § 
(Wa W.) | Ti. (igaay, 





Substitute the known values for the various symbols | ang calculate 
the specific heat of the liquid. 


V 


EXPERIMENT 37. * 
LATENT HEAT OF STEAM 


Aim :—To determine the latent heat of steam. 


Apparatus required :—Apparatus for producing dry seam, 
calorimeter. 
_ Description of apparatus :—The apparatus for producing dry 
steam consists of (1) a steam boiler S, (2) a leading tube T wrapped 
with non-conducting material like cotton or wool and (3) a steam 


LATENT HEAT OF STEAM ees | 


trap. Part of the steam issuing from the boiler condenses all 
along the way till it reaches the calorimeter. The condensed 
water must be prevented’ from 
entering .the colorimeter along 
with the steam. The leading 
tube is wrapped in cotton or 
wool to reduce condensation. 
It slopes upwards to enable the, 
condensed water to flow back > 
into the boiler. The steam trap | 
is fer collecting the condensed 
water and letting it out just 
before steam is passed into the 
calorimeter. In spite off all the 
precautions taken, it is likely 
that due to its high temperature 
some steam may condense and gain access to the calorimeter. 
This will affect the value obtained for the latent heat. 

The calorimeter is of the usual type used for specific heat 
determinations. It consists of. an inner polished calorimeter 
suspended in an outer calorimeter, out of contact with it. The 
outer steam trap is surrounded by a wooden box. 






AP 


MA-TR 


STEA 





Fig. 66 


(A) Latent heat of steam 


Procedure :—Set up the steam boiler on a tripod stand. 
Connect the leading tube and the steam trap to it. Heat the 
boiler. Mount a large asbestos screen C between the boiler and 


the steam trap to prevent heat from the boiler reaching it, by 
radiation. * s at 


Find the weight of the empty inner calorimeter and stirrer 
correct to a centigram. Jill it with water to about, two- 
thirds of its height and again find the weight. The difference gives 
the weight of water taken. Carefully suspend it inside the outer 
calorimeter. Place it in the wooden box. Place a sensitive ther- 
‘mometer in the water for noting its temperature. 


When steam issues freely from the nozzle of the outlet tube 


in the steam trap, arrange to pass it into *the waier in the 
calorimeter. Note the temperature of the steam issumg from 
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the nozzle of the steam trap. Let it be T. First stir the water 
well and note its temperature. Have a stop-clock ready. Let out 
all the condensed water from the steam trap. Bring the calori- 
meter under the steam trap and quickly immerse the nozzle of the 
outlet tube into the water, simultaneously starting a stop-clock. 
Stir the water well as the steam mixes with the water and raises its 
temperature. When the rise of temperature is from 5 to 10° C, 
remove the calorimeter quickly to adistance. Stir the water and 
note the temperature every .15 seconds. Continue it till the 
temperature reaches the maximum and then falls by 1 or 2°C. 
[Some skill is required to do the above manipulation and some 
rehearsal and practice may enable one to acquire it.] 


When it is cool, remove the calorimeter and stirrer and find 
its weight again. The difference between this weight and the 
previous one gives the weight of steam passed into the water. 


Radiation Correction:—A correction has to be applied for 
cooling due to radiation, while the temperature is rising. The 
approximate radiation correction is calculated as follows. Find 
the fall of temperature, after the maximum temperature has been 
reached, in half the time taken for the temperature to rise from its 
initial value to the maximum. Or, find haif the fall of temperature 
after the maximum temperature has been reached, in the time taken 
for the temperature to rise from its initial value to the 
maximum. Either of the above gives the correction which must 
be added to the maximum temperature. 


A more accurate correction is obtained by Barton’s method. 
With the time-temperature readings, draw a graph. Calculate the 
correction from the graph by the method indicated in Experi- 


ment 34. 


Calculations : 


Weight of calorimeter +- stirrer. = W, grams. 
Weight of calorimeter + stirrer | _ i, eens 

+ water Bs 2 : | 
Weight of water alone = (W, — W,) grams. 
Weight of calorimeter + a re Wives 

+ water + steam ° 

“. Weight of steam passed — = (W, — W.,) grams. 

Initial température of water i Toons 


Maximum temperature reached = T,°C 


2 
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Time taken to reach the maximum | __ t, secs. 
temperature 


Fall of temperature in = ends , : 


after the maximum temperature es dT 
was reached 


Radiation correction = d T 
Corrected final temperature =- T,+dT 
Temperature of steam ae aS 
Heat lost = “Heat gained 
(W; i W,) bo (W, ied W,) (T Fy T,) . 
= (W, — W, + W,s) (T, +4 T—Th) 
(W.—W,+W,s) (Te -+-dT—T ,)—(Ws—W Wa) Ui 6 res 


Ge a 


Tabulate the readings as.follows :— 


, -_ 
nel 


I. Balance Readings. 
































Turning points si ‘ 
a Weights Weight 
| = ware | Ae ag : poet to 
Left an Right Pan | Left Right | P 2 centigram] 
eaetis c 0 ot 
Nil ee Zero | 
X grams | 
Calorimeter | 
+ stirrer | Se Ae 
39 X + 0:01 
grams 


+ stirrer 
-++ water 


ee 





| 
| 
Calorimeter | yY grams 
y £001 


Calorimeter 
+ stirrer 
+ water 
-++ steam 
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Il. Time-Temperature readings : 
Time 


Temperature : 
ae 


Ill. Radiation correction : 
Repeat the experiment and find the mean value of the Latent 
heat of steam. ‘ 











Note :—In order that the rise of temperature may not be 
too high, a large volume of water hasto be taken. So, to 
determine the weight of steam condensed accurately, a small, thin- 
walled copper condenser with inlet and outlet tubes may be used. 
The condenser is kept under the water, with the inlet and outlet 
tubes alone above the surface of the water. Steam is let into the 
condenser. The uncondensed steam escapes. By weighing the 
condenser before and after passing steam, -the weight of 
condensed steam is determined. 


(B) To determine the specific heat of a liquid, 

assuming the latent heat of steam 
In place of water, take the given liquid in the calorimeter. 
Pass steam into it and note the rise of temperature Follow the 
instructions given above and perform the experiment. If S is the 

specific heat of the liquid, 

goa iW Wa) Wa W 5) (ae et s(T,4+dT—T,) 
— (W,=W,) (7, +4T=T,) 








EXPERIMENT 38 | 
MELTING POINT OF A SOLID (COOLING CURVE) 
_ AND BOILING POINT OF A LIQUID 
Aim:—To determine (1) the melting point of a solid by 
drawing its cooling curve and (2) the boiling point of a liquid. 
(1) Melting Point of a Solid 
_ Apparatus required :—A test tube with a large cross-section 
or a calorimeter ; a large calorimeter to serve as a constant tempe- 
rature enclosure; thermometer ; stop-clock ; solid (paraffin or 


napthalene), . 


€ 


8 
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BOILING POINT OF A LIQUID 


Procedure :—Introduce the solid in small bits into the test- 
tube (or calorimeter) till it occupies about 2 to 3 inches of the 
test-tube. .Place the test-tube in a beaker of water and heat it. 
The solid begins to melt, as heat reaches it from the hot water. 

| Wait till all the solid has melted. Introduce a thermometer into 
the molten liquid. Note the temperature. 


Keep a stop-clock ready. When the solid has completely 
melted and risen in temperature (about 10° higher than its melting 
point), remove it and suspend it inside the constant temperature 
enclosure. Note the temperature and start the stop-clock. Take 
the readings of the thermometer every 30 seconds. The tempe- 
rature will fall for some time. As the liquid commences to 
solidify, the temperature witl cease to fall. It will remain constant 
till all the liquid*has solidified. It will then begin to decrease 


steadily. , 
Graph:—The constant temperature represents the melting 
point of the solid. A graph will indicate it clearly. Represent 








~ = + See? .. GE Eo an 
~ 7 Ve? & 2° Ss + EE 2 
pe | 
eo. 
amy 








ie oe ATURE 






* 


times atong the X axis and the corresponding temperatures along 
the Y axis. Draw a curve through the points plotted. It will 
represent the cooling curve of the solid. he cooling curve will 
have a flat portion, parallel to the X axis, representing a constant 
temoerature. This corresponds to the melting point of the 


solid. z 
| 19 


a 
7 ot 
q ey: 
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[The flat portion will be clear and sharp, only if the solid is 
pure and has a crystalline structure. If the solid is a mixture of 
different substances, the curve will not have a sharp flat portion.] 

Latent Heat of the Solid :—Besides being used for finding the 
melting point of the solid, the cooling curve can be used for 
determining the latent heat of the solid. 


First, find the weight of the test-tube alone. Let it be W,. 
After the solid has been introduced into it, find the weight W,. 
The weight of the solid is (W, — W,). Let the time for which 
the temperature is constant at the melting point be t seconds. If 








L is the latent heat, the liquid gives out (W's ee = calories 


of heat per second during the period. It is this heat that is 
released during solidification that maintains the temperature 
constant. 


Take an identical test tube. Find its weight. Fill it with 
water to the same height in it as the molten liquid in the other 
test tube. Find the weight. Keeping it in a water bath, raise its 
temperature by about 3 or 4° above the melting point of the solid. 
Take it out, suspend it in the same enclosure and allow it to cool. 
Note the temperature every 30 seconds, till it falls 3 or 4° below 
the melting point of the solid. Draw the cooling curve. From 
the graph, find the time taken for the water to fall in temperature 


from (7 +3)¢ to (7 = >| C, where T is the melting point 


of the solid. Calculate the quantity of heat given out per second 
by the hot water at temperature T° C. If W is the weight of water 
taken -+ water equivalent and x is the time required for the fall of 
tenperature of 1° C, the quantity of heat given out per second is 


W ; 
— calories. 
x | 
c ip al ek) Pe SN 
x 
; Ox 
eee Rae eevee Sole! Ae 
CW as ha) 
(2) Boiling Point of a Liquid — 


Procedure :—Prepare a J tube, with the end of the shorter 
limb in it closed. Pour dry mercury into it, till it occupies the 
whole of the shorter limb and a small part of the longer limb, 


calories per gram 


en 
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Introduce carefully a few drops of the liquid through the 
mercury. into the shorter limb. Let it float to bogs top of the 
mercury in it. 


[It is*essential that no air gets in along with 
the liquid. If it does, the result will be 
inaccurate]. 


Place the J tube in a water bath (whose maxi- 
mum temperature is at least 10° degrees above the 
boiling point of the liquid) with the shorter limb 
completely immersed in water. The longer limb 
with the open end must be above the level of 
the water. Heat the water bath slowly. As 
the temperature rises, the liquid vapourises and Fig. 68 
pushes down the mercury. Note carefully the temperature at 
which the levels of mercury on both sides are the same. Raise 
the temperature of the bath a little above this. Cease heating and 
allow it to cool. Note the temperature when the two levels are the 
same. Repeat three or four times and note the mean temperature. 
This gives the boiling point of the liquid. 





When the two levels are the same, the saturation vapour 
pressure of the liquid is equal to the atmospheric pressure. The 
boiling point of a liquid is the temperature at which its saturation 
vapour pressure is equal to the atmospheric pressure. Hence, the 
temperature at which the two levels are the same is the boiling 
point of the liquid. 


EXPERIMENT 39 


NEWTON'S LAW OF COOLING—SPECIFIC | ° 
HEAT OF A LIQUID | 


Aim .—(1) To verify Newton’s Law of cooling and (2) to 
determine the specific heat of a liquid by the method of coSling. 
(A) Newton’s Law of Cooling 


Apparatus required :—A spherical calorimeter with an outer 
surface which is polished or uniformly blackened, outer calori- 
meter, thermometer, stop-clock. 


_ The spherical calorimeter used for thi experiment has a 
diameter of 5 or 6cms. It has a short neck with a small hole at 
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the bottom of the neck, on one side of it. Wheu the level of 
the liquid is a little above the hole, the excess flows out of the hole. 

: So, the volume of liquid in it is always 
constant. 


Procedure :—Find the weight of the 
calorimeter. Fill it with hot water at a 
temperature of about 85°C. The liquid will 
stand up to the hole in the neck. Suspend 
it carefully inside the outer calorimeter. 
Insert the thermometer in the water. Note 
the temperature and simultaneously start a 
stop-clock. Note the temperature every half 
minute, till the temperature falls to about 
40° C. Take out the calorimeter and find its 
weight. 

Graph :—Taking time along the X axis 
and temperature along the Y axis, plot the 
points. Drawa smooth curve. It represents 
the time-temperature cooling curve of the 
liquid. 





Newton’s Law of Cooling :—Newton’s’*Law of Cooling states 
that the rate of cooling of a hot body depends on the excess of 


2 a E ai fel its temperature over that of the 





surroundings, the nature and 
area of the surface remaining 
the same. 


The rates of fall of tempe- 
rature at various temperatures 
can be found from the graph 
drawn. The slope of the curve 
at any point gives the rate of fall | 
of temperature at the tempera- 
ture. Take any point on the 
cooling curve corresponding toa 
“temperature of, say, 60°C. Draw 
a tangent to the curve at the 
point. Produce it to meet the 
X axis. Measure the angle 6, 
between the tangent and the X 
axis. Calculate the tangent of 
this angle, taking the scales 
Go fe SS BCG) UF) Ug anOpted. On the ama ane 

TIME into due consideration. It gives 
Fig. 70 the rate of fall of temperature 
at this temperature. 


Alternatively, find from the graph the time taken for the 
temperature to fall from 60°5°C to 595°C. The difference in 


a «“ 
4 
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temperature divided by the time of fall is equal to the rate of fall 
of temperature at 60° C. 

Find the rates of fall of temperature at 75°, 70°, 65°, 60°, 55° 
etc. The rate of fall of temperature at each temperature divided 
by the difference in temperature between that of the liquid and the 
surroundings will be a constant. 


Tabulate the results as follows :— 





| | ssi ase 
| 


| 
Tempe- | 











rature of eae Rate eS fall Rate of fall of temperature 
surround- a a ie 5 Excess of temperature 
ings qui temperature 





The values in the last column will be constant. Ge the 
rate of cooling is proportional to the rate of fall of temperature, 
the law is verified. 

Emissivity of the surface :—The emissivity of a surface at any 
temperature is the quantity of heat given out per second by 
1 sq.cm. of the radiating surface, when the difference in tempe- 
rature between the surface and the surroundings is 1° C. 

Find the mean diameter of the spherical calorimeter with a 
vernier calipers. Calculate the area of the surface. Let it be A. 
Let the rate of fall of temperature at temperature T,, as ascertained 
from the graph, be dT per second. Let the temperature of the 
surroundings be T. Then, the emissivity e of the surface at 
eo T, is given by 
} wy, — Ww Sa aa dT 

nea rar eT) * 

where W, is the weight of the calorimeter, 

_W, is the weight of the calorimeter + water 

and s is the specific hea? of the material of the calorimeter. 
Calculate the emissivity of the surface of the calorimeter at various 
temperatures. 

(B) Specific Heat of a Liquid by Method of Cooling 
Apparatus required :—Two identical spherical calorimeters, 
with polished or blackened surfaces, liquid, thermometer. 


c¢ => 


hy 


Procedure :—If two identical calorimeters are available, it is 
well and good. Otherwise, if only one calorimeter is available, 


150 TEXT BOOK OF PRACTICAL PHYSICS 


perform the cooling experiment, first with water in it and then with 
the liquid in it. 


Find the weight of the calorimeter empty. Fill it with hot 
water at about 85° C. The excess of water will flow out through 
the hole in the neck. Suspend it carefully inside the outer calori- 
meter. Insert a thermometer into the water. Note the tempera- 
ture and simultaneously start a stop-clock. Note the temperature 
every half minute till the temperature falls to 50° C. Take out the 
calorimeter and, when it is cold, find its weight. 


Throw out the water and dry the calorimeter. Fill it ‘with 
the given hot liquid, heated separately in a beaker to about 85° C. 
The excess of liquid will flow out through the hole in the neck. 
Suspend it carefully inside the outer calorimeter. Insert a thermo- 
meter into it. Start a stop-clock and note the temperature of the 
liquid every half minute till it falls to 50°C. Take out the calori- 
meter and find its weight after it has cooled. 


Graph:—Taking time along the X axis and temperature along 
the Y axis, plot the points for water and the liquid. Draw 





oC GHRIAME REL hess i La 
TIME 
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smooth curves through the points. They will represent the 


cooling curves of water and the liquid for the specified range es 
temperature. 


Find out from the cooling curves, the times taken for water 
and the liquid to cool from 80° to 75°C, 75° to 70°C, 70° to 65°C, 
Ba: 40 60°C, etc. 


Calculations :— 
Weight of empty calorimeter = Wy, prams. 
, Weight of calorimeter ++ water == Wo. Sans. 
Weight of calorimeter + liquid == (W2“granis. 
Specific heat of the liquid ea 
Specific heat of the material of the\ _ 
calorimeter ¢ Jo ee 
Time taken for water to cool from 
75° to 70°c t, seconds. 


Time taken for the liquid to cool t d 
through the same range 75° to 70°C ‘o ge 
According to Newton’s law of cooling, the rates of cooling 
for water and for the liquid for the range 75° to 70° must be the 


same, asthe other factors, such as the nature and area of the 
radiating surface are the same. So, | 


{(Wa—W,)+W,s} (75—70) _ | (Ws—W,)S+W,8{ (75—70) 
ty ts 


See > TS = (W,—W,)+ 7, $52 
1 


(W.—W.) £ Wi s | a2, 


a S a L 
(W; sik, W,) 


Calculate the values of the specific heat for the various ranges. 


@ 
ae Wig Ss 


Note :—It is absolutely essential that the volumes of water 
and the liquid taken must be exactly the same. Then only, the 
radiating surfaces will be equal in area and the conditions 
under which cooling takes place will be identical. So, if a spherical 
calorimeter of the type described is not available, take particular 
care to see that equal volumes of hot water “and hot liquid are 
taken. 
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Tabulate the readings as follows:— 







































I. Time -.Temperature readings. “ss \ 
dL é 
ces | 
in | in i ai 
minutes Water Oil minutes! Water Oil 
0 71°8°C vO ss Oxia 16.4 61336 Bee © 
l 71:0 Tos 17 1 603 Se te 
peeele 690 14. 48-1. O02 
3 69°5 ce ames emer Tan lates 
4 | 68°8 66°2 20 ee 
5 | 68°0 | 64:3 ee 21a a ee 
6 67°3 63°6 eae? 58:2 eae 
Tay 266°C 62:5 3. sate 
8 66:0 61:4 24 
9 65°4 60°4 25 | Bes 
10 64°7 59°3 26° Sa the 
11 64:1 58°4 27 | 2535'S" | 
12 63°5 57°4 28 til 38) 
| es oe Se, 56°5 29 55:1 
14 | 62:4 55:6 30 34:6 
Il. Weight of calorimeter == 21:73 grams. 
Weight of calorimeter + water = 76°29  ,, 
+. Weight of water’ = 34-367 "3; 
Weight of calorimeter + oil =.. aa ‘ 
“, Weight of oil = 48°70 ,, 


lI. Rates of fall of Temperature from graph. 







Time of fall of temperature i, 
| “Taniesof Tall tor oa 























eee Water ae efi ieee of fall for water 
70° t 65° | 73min, | 38min, | 052 
65° to 60° | 88, eile 0-51 
60° to 55° | 105, Bi css 0:50 
: 22 eae oe ee ee Uels 
*. Specific Heat) _ (54:56 + 2:17) 0°51 — 2:17 
of oil id 48°70 


a ESD 
) The Specific heat of the oil by the method of cooling = 0°55. 
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EXPERIMENT 40 


THERMAL CONDUCTIVITY OF COPPER 
(SEARLE’S APPARATUS) 


Aim :—To determine the coefficient of Thermal Conductivity — 
of copper using Searle’s apparatus. 
Apparatus required :—Searle’s Thermal conductivity apparatus, 


constant pressure-head reservoir, Stop-clock. 


Description of apparatus :—The Searle’s apparatus for the 
determanation of the coefficient of thermal conductivity of copper 


" 


at 


t 
H 
: : 
q 





Fig. 72 


consists of a solid cylindrical copper rod R about 20 cms. in length 
and 4cms. diameter. One end of it projects into a hollow cylindrical 
steam chamber S about 6 to 7 cms. in diameter and co-axial with 
the rod. The steam: chamber has annlet for steam and an outle?. 
Over the other end of the rod is wound a copper tube T in the 
form of a spiral. The two ends of the copper spiral are led into 
two cylindrical cups C,, Cy. "The cups are closed with one-holed 
rubber stoppers through which thermometers can be introduced. 
The cupg have small tubes inserted into them at the bottom. One 
of them serves: as an inlet for water, which circulates through the 
spiral and issues out through the other tube. The inlet tube is 
connected to a constant pressure-head reservoir (Fig. 73) which 
_ provides a current of water circulating with a constant speed. On 
the copper rod, two holes are drilled perpendicular to its length ata 
ee QO 


4 A 
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distance of 10 cms. from each other. Small brass tubes are fixed in 
these holes. A little mercury is poured into each of them. They 
serve as receptacles for thermometers. The mercury ensures 
good contact between the bulb and the copper rod. 

The rod with the steam chamber at one end and the spiral at 
the other end is enclosed in a rectangular wooden box. The 
interspace between the rod and the box 
is filled with compressed wool which 
prevents loss of heat by conduction or 
convection. The two cups attached to 


the ends of the spiral are outside the 
box. 


Procedure :—-Connect the tube in 
one of the cups attached to the spiral 
to the constant pressure-head reservoir, 
by a long rubber tube. Connect a short 
rubber tube to the tube in the other cup. 

Insert two thermometers T,, T,, one in each of the cups. They 
will indicate the temperatures of the incoming and oe CINE water, 
after circulating through the spiral. 





Insert two thermometers T,, T,,, one in each of the holes on 
the rod. They will indicate the temperatures of the rod at the 
respective points. 

Connect the inlet tube fixed to the steam chamber to a steam 
boiler by a long rubber tube. Connect a short rubber tube to the 
outlet tube to lead the steam away. 


Heat the boiler and allow steam to pass through the steam 
chamber. The end of the rod projecting into the chamber is 
heated by the steam. The heat is conducted along the rod. The 
thermometers T,, T, placed in the tubes on the sides of the rod 
rise in temperature. Circulate water through the spiral at the other 
end of the rod. The thermometers there T,, [4 will indicate the 
temperatures of the incoming and outgoing water. 2 


When al) the four thermometers show constant temperatures, 
there 1s thermal equilibrium over every cross- -section of the rod. 
Note the temperatures. Place a weighed beaker under the outlet 
tube in the cup fixed to the end of the spiral, collect the water for 


“ d 
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a few minutes, noting the time with a stop-clock. Find the 
weight of water collected. From that, the rate of flow of water 
can be calculated. 


Alter the rate of flow of water by altering the pressure-head. 
The temperatures indicated by the thermometers will change. 
Wait till they become steady. Then, find the rate of flow of water, 
by collecting the water issuing in a definite interval of time, 
measured by a stop-clock and finding its weight. 


Take three or four sets of readings in this manner. Cut off 
the supply of steam. When the rod is cool, measure the length 
between the centres of the tubes fixed on the side of the rod. 
Measure the mean diameter of the rod with a vernier calipers. 

Calculations :—Let T, and T, be the temperatures noted on 
the thermometers placed irl the tubes fixed on the side of the rod ; 
let / be the distance between the centres of the tubes ; let A be the 
area of cross-section of the rod and let K be the coefficient of 
thermal conductivity. Then, the quantity of heat Q conducted 
across any cross-section of the rod per second is given by, 


Ree AGT.) 
a a a 


Let T, and T, be the temperatures of the incoming and outgoing 
water circulating through the spiral and let W be the weight of 
water collected in t seconds. The quantity of heat Q absorbed by 
the water per second is given by, 


W 
aera pe, I.) 








t 
oe CT.) . Wx iT,—T)) : 
a : 
ae EX AT, eg). 
et Kit i) 


- Calculate the. coefficient of thermal conductivity frou: each ‘et of 
values. ata | 


i abulate: the ‘results as follows :— | 
28 Reading of the thermometers when the temperatures are steady: 
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II. Rate of flow of water : 


Weight of: Weight of | Weight of es 
beaker beaker + | water alone Time of Rate of 








| AED flow in flow of 
(grams) | (grams) (grams) seconds wat 
Ill. Distance 7 between holes on rod ws cms. 
Mean diameter d of the rod measured | __ pn: 
with vernier calipers ae 
.. Mean area A of rod = sq. cms. 


From the data, calculate K. . 


EXPERIMENT 41 


THERMAL CONDUCTIVITY OF A BAD 
CONDUCTOR (LEE’S DISC METHOD) 


Aim :—To determine the coefficient of thermal conductivity 
of a bad conductor (card-board) using Lee’s disc. 


Apparatus required :—Lee’s disc, steam-boiler, card-board. 


Description of apparatus :—The Lee’s disc consists of (1) a 
heavy circular metallic disc D about 10 cms. in diameter and | cm. 
thick suspended by three strong 
strings from a ring R and (2) a 
hollow cylindrical steam chamber 
S, 10 cms. in diameter and 5 cms. 
high, which rests on the disc. 
Thet disc ‘has a hole in 30 ier 
introducing a thermometer T,. 
The steam chamber has an inlet 
and an outlet for letting in 
and letting out steam. There is 
another hole in it for introducing 
a thermometer T,. The disc and 
the steam chamber are nickel-or 
chromium-plated and. so, have 
brightly polished surfaces. 


Procedure :—The metallic disc 
is hung horizontally from the 
ring. The card-board, cut to the 





~ 
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size of the disc is placed on it. The steam chamber is placed 


over the card-board, so that the latter is sand-witched between 


the disc and the chamber. The two thermometers are placed: in 
position, one in the disc and the other in the chamber. 


The steam boiler is set up and connected to the steam 
chamber by a long rubber tube. Steam is passed into the 
chamber. A long rubber tube connected to the outlet tube leads 
the escaping steam away from the disc. 


The thermometers indicate rise in temperature. T, gives the 
emperature of the chamber. T, gives the temperature of the 
disc. The disc rises in temperature due to the heat conducted 
across the card-board. When the two temperatures are steady for 
a fairly long time, say, from 15 to 25 minutes, note them and 
cut off the steam supplys 


Gently rémove the card-board between the disc and the 
chamber. Place the chamber directly in contact with the disc. 
Again pass steam into the chamber. The disc gets heated more 
rapidly now. When its temperature is about 7 or 8° C above the 
temperature T,, reached by it formerly, cut off the steam and 
carefully remove the steam chamber. 


Allow the disc to cool. When its temperature falls exactly to 
5° above T, (its former temperature), start a stop-clock. Note 
the temperature every half minute till it falls to 5° below T,, its 
former temperature. 

Measure the mean thickness and diameter of the disc with a 


_vernier calipers. Find its weight. Measure the mean thickness 


of the card-board with a screw gauge. Take readings at not less 


than six different places on it. : | , 
Ee ipuations : , 
Temperature of steam chamber Sgt We 
Steady Temperaturé of disc ae ee © i 
Mean thickness of card-board = I]cms 
Mean thickness of disc ee 
« Mean diameter of disc ek 


Weight of disc = W grams. 
Time taken for the disc to cool from 
(T, + 3)°Cto(T, - 3)°C t= 
Specific Heat of the material of the 
disc Paar ke s 


t seconds 
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Now, the quantity of heat Q conducted across the card-board, 
when the temperatures are steady, is given by, 


A 2 
ics ee calories 


This is lost by radiation from the exposed portions of the disc. 


The quantity of heat lost per second by each sq. cm. of the area 
of the disc when it cools from (T, + 4) ° Cto (T,—#4) ° Cis 
equal to 


Wx Sx {(T2 +4) — (T2- D5 Wx S 


tx(2nr? + 2nrh) t xX (Qxr? + 2xrh) 
*. The quantity of heat, lost per second by the exposed portions 
of the disc is 
Ws 
t_% (nr + One 
W x S(r + 24h) 
Pee et 
Kx Ax (Ty = To We ae 
i 7 26a Tee ae 
Wee SCL Xa I) eee 
TRA KUT AT) Oe WE 
The time required for the disc to cool from. (T, + 4)°C to 
(T, — 4)° C is best taken from a time-temperature graph plotted 
with the readings taken. 


<x (wr? +274rh) 


calories. 














Kis 


Tabulate the readings as follows :— 
I. Readings of the Thermometers when the temperatures are 








steady. 
ie ts | a a T, | 
ALT Ee a a SOI 


Il. Time-Temperature readings when the lower disc is cooled. 


Temperature Time Temperature | 


Time (t) taken for the lower disc to cool from (T, + aye 


| Time 





to (T, — 4) ° ©, read from the graph =~ Secs. 
Ill. Thickness of cardboard :—Measured by a screw gauge ; 
Mean thickness (at least six readings) / = cms. 
: Sa? ae ‘Se 


a 
4 
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IV. Diameter and thickness of lower disc :—Using vernier 


calipers ; 
Mean diameter of the lower disc = cms. , 
Mean radius of the lower disc (r) = — cms. 
Mean thickness of the lower disc. (h) = cms. 
(at least six readings to be taken in each case). 
Weight of lower disc (W) — grams. 


With these data calculate K, from the formula. 


EXPERIMENT 42 
MECHANICAL EQUIVALENT OF HEAT 


Aim :—To determint the Mechanical Equivalent of Heat using 
Searle’s Frictioh cone apparatus. 

Apparatus required :—Friction cone apparatus. 

Description of apparatus:—The friction cone apparatus 
designed by Searle consists of two well fitting, brightly polished 
conical cups of brass. The outer cup rests on two pins fixed to 
the bottom of a cast iron cup, which serves also as an enclosure.:. 





Ne Fig. 75 


The cast iron cup is mounted on a vertical spindle which can be 
rotated about a vertical axis by a belt passing over a pulley i in the 
bs. spindle and a hand d wheel, When the spindle rotates, the cast iron. 
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cup and the brass cup inside it rotate along with it. The revolu- 
tions of the spindle are automatically registered on a counter 
attached to it, by a toothed wheel arrangement. 


The inner cup has on its top rim, two pins on which rests a 
circular wooden disc with a groove all round its circumference. 
A string is tied toa hook fixed in the groove, passed round the 
groove and then over a small pulley. At the other end, it carries 
a scale pan with weights. A heavy iron ring placed centrally on 
the disc makes it sit tightly on the cup. It is also provided with a 
stirrer. 


When weights are placed on the scale pan, it will descend 
and the wooden disc will rotate. Consequently, the inner cup 
will rotate. If, however, the outer cup is xotated in the opposite 
direction, by rotating the spindle at a suitable speed, the inner cup 
will remain stationary. Then, due to the friction between the 
cones, work will be done and this will get converted into heat. 


Procedure :—Remove the two cups and stirrer and weigh them 
empty. Fill the inner cup with water to about two-thirds of its 


height and weigh again. Place the cups in position in the cast iron 
cup. Introduce a drop of oil between the cups. Place the disc on 
the inner cup. Pass the» string round the groove and over the 
pulley. Keep some weights in the scale pan. 


(1f a preliminary experiment is performed for determining the 
weights to be placed in the scale pan and the suitable speed of 
rotation, it will save trouble later.] 


Note the initial reading of the counter. Introduce the 
thermometer into the water and note its initial temperature. 
Start rotating the spindle, simultaneously starting a stop-clock. 
Rotate the spindle and the outer cup at such a speed, that the 
inner cup remains stationary, and the scale pan with the weights 
in it remains in mid-air without rising or falling. If the speed of 
rotation is too much, the scale pan will rise and if it is too low, it 
will fall. Stir the water well and note the temperature every half 
minute. When the rise of temperature is about 5° C, stop the 
rotation. Continue to note the temperature every half minute 
till it falls ‘by about 1 or 2°C. From the readings, find the half- 


* 
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time correction. Note the number of revolutions from the counter. 
The difference between the final reading of the counter and the 
initial reading will give the number of revolutions. | “i, : 


Measure the circumference of the disc. Find out the weight 
of the scale pan and the weights placed in it. 


Calculations :—If the outer cup were stationary, the inner cup 
will be rotated by the weights in the scale pan descending due to 
gravitational action. The weights will descend by a distance equal 
to 2x%r for each rotation, where ris the radius of the disc. The 
work done will be 27%r x Mg, where Mg is the weight of the scale 
pan and the weights placed in it. To keep the inner cup and 
scale pan stationary, the same amount of work has to be done 
against the friction betweer the two cups, by rotating the outer cup. 
So, the total -amount of work done against friction is 
2nmr <x Mg x n ergs, where n is the number of revolutions. 


The quantity of heat produced is calculated from the rise of 
temperature. Let W, be the weight of the empty cones and 
stirrer ; let W,, be the weight of the cones, stirrer and water ; let 
T,, be the initial temperature and T, be the final temperature ; let 
dT be the radiation correction; let S be the specific heat of the 
conical cups. Then, the quantity of heat produced is equal to 


WS = OWN W1){ ss (Ts + dT) — Het. 


the mechanical ) 2xrn Mg 


‘J equivalent Sa SE SSS © ol Scere Setar 
e heat 5 iW,S+(W,—W,) x ‘T,+dT)—T, } 


ergs per calorie. - 


Enter the observations thus : — 


Weight of empty cups and stirrer = W, grams. 
Weight of empty cups, stirrer and water = W, grams. 
Initial temperature of water = 15°C, 
Final temperature of water ae 
Time taken for the rise of temperature = t, secs. 


1 


Fall of temperature in 2 secs. after ey aT 
maximum temperature was reached. 


ies 


we: 
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“. Radiation correction aoa + Shes ©). 
Corrected final temperature = (T, + dlc 
Weight of scale pan along withthe weights in it Mg 
Number of revolutions registered by =n. 

counter 
Circumference of disc a Lort2sr) 


2nr Xn <.Me 


(W,S + W, — W,)(T, +4T—T,) 





SECTION IV 
SOUND 


EXPERIMENT 43 
RESONANCE 


Aim :—To determine (1) the velocity of sound in air and 
(2) the frequency of a tuning fork, by the method of resonance. 


Apparatus required :—Resonance apparatus, tuning forks, 
striking hammer. r 


Description of apparatus :—The resonance apparatus consists 

of a long, cylindrical glass tube about one metre in length, 
| mounted on a vertical board. . The 

tube is open at the top. At the 
bottom, it has an outlet to which 
along rubber tube is connected. 
The other end of the rubber tube 
is attached to the bottom of a 
vessel which is filled with water. 
‘This vessel can be raised or 
lowered, thus enabling you to 
regulate the flow of water into or 
from the tube. A pinch-cock is 
attached to the rubber tube. By 


water can be regulated. 
Note :—If such an apparatus is 


performed, using cylindrical glass 
tubes of different lengths and a 


introduced into the water in the 





manipulating this, the flow of | 


not available, the experiment can be | 


jar of water. A glass tube is_ 
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jar. By raising or lowering it, you get a column of air of any 
desired length above the level of water. 


Procedure :—Raise the reservoir so that the level of water 
rises in the tube. When the level is almost at the top of the tube, 
strike a tuning fork and hold the vibrating prong near the mouth 
of the tube horizontally. Gradually lower the reservoir so that 
the level of water in the tube falls slowly. When the length of 
the air column approaches a certain value, the note emitted by 
the tuning fork is augmented by an identical note given out by 
the air column. The latter note is due to the forced vibrations set 
up'in the air column, due to resonance. It increases in loudness and 
reaches the maximum value for a particular, definite length of the 
air column. If the length of the air column increases further, the 
sound decreases in intensity and falls off. Find, by trial, the 
length of the air column which produces the maximum, sharp 
sound. Fix the reservoir at that height and measure the length of 
the air column from the water surface to the mouth of the tube, 
with a meire scale. Disturb the arrangement and take another 
reading. Repeat two or three times and take the average. Take 
another tuning fork of a different frequency and find similarly the 
shortest length of the air column for which resonance is produced 
by the tuning fork. Repeat, for three or four tuning forks of 

different frequencies. Find the shortest length of the resonating 
air column corresponding to each tuning fork. 


_ Take the first tuning fork again. Lower the reservoir slowly, 
and find the next length of the air column for which there is 
resonance. As before, locate the length of the air column for 
which the resonance is maximum. This length will be roughly 
three times the first length. Measure the length from the surface 
of the water to the mouth of the tube. Disturb the position of 
the reservoir and readjust till you get the resonating column of air. 
Take the mean of two or three readings. Repeat for the other 

tuning forks. ‘ 





_ «Calculations : 
stationary vibrations set up in it by the tuning fork. At the 
surface of the water there is a node and at the mouth of the tube 
there is an antinode. The distance between two consecutive nodes 
or antinodes is half a wave-length ; and the> distance between a 


: bie and the contiguous anti-node is one-fourth of a wave length. 
ah, 
Ss . 


e-. ae ASS, 
oa Se Ae 
: i a é 
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So, if /, is the minimum length of the air column producing 
resonance, and the wave-length of sound, 


i, = ee (i) 


In the equation, C is a constant, known as the end-correction. 

The antinode is generally situated 

AN a little beyond the mouth of the 

tube. The end-correction depends on 

the diameter of the tube. It can be 

taken to be equal to 0°3 d where d is 
the diameter of the tube. 


N a De SS Re are. 


Thus, the wave-length of the parti- 
cular note can be calculated. 


The end-correction can, how- 
ae AN ever, be eliminated, if the next length 
of the resonating air column is 
measured for the same note. When 
resonance occurs next, due to the 
stationary vibrations produced, in 
between the node on the surface 
of the water and the anti-node at the 
3) mouth of the tube, there will be 
one more node and one more anti- 
st node in the air column. The length 
K 
ap) 


5 Ay —C 


will now be about three-fourths of a 
wave-length. IEf it is /,, 


A AN AN 3 f 
<p Pai a 

’ L= 2 ae (i) 
s 4 
< where C is the _ end-correction. 
e Subtracting (i) from (ii) 

NL Ne ===: 

oon a ei be ps Un id = 
Fig. 77 


NOD, eet (2 ore I) 


Thus, without assuming the end-correction, the wave-length can 
be calculated. The next length /, of the air column producing 
resonance satisfies the condition, 


l 2) sds 
ee ee di (iii) 
| . lg % ly ie * 
# 
“See 
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Again, multiplying (i) by 3 and subtracting from (ii), you get, 
eh) = 250, 
<i ee Oe, : 
bee a oon 


Thus the end-correction is calculated. 


Velocity of sound in air :—The velocity of sound V in air is 
related to the frequency ” of the sound and its wave-length d. It 
is given BY V = 7). 


> The wave-length calculated above can be used either for 
calculating the velocity of sound in air, if the frequency is known 
or for calculating the frequency of the sound, when the velocity of 
sound in air is known. 


Correction. for temperature :—The velocity of sound in air 
increases with temperature. If V; is the velocity of sound in air 
at t°C, V, the velocity at 0°C, and a the volume coefficient of air, 


Np— Vo VY fee at = Vo [1+ at] 


as a is small. 


Now, for air a ne 
i; 2i3 
aoe : =at t 
+ # 
* ae eee eas: aes Vi x _545 


ee S46 at 
ae 


e@ 


Correction for moisture :—The air column is saturated with 
moisture. So, its density, is less than that of dry air. The 
following eats has to be applied : ° 


= 760 — p + 0°6p) 
Vary air —= Y moist air . ( eS ete 


where p is the saturation vapour pressure at the temperature. 
eT gn : 


eo 






Sat Seat ee era 
a. 4), s 
ies Lor ——_—_ . . a ay 

+. Vary air = Vinoist air 760 P 

; 4 Kana) : 


e 
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Tabulate the results as follows : 

































I. Laboratory temperature = 28°9°C. 
) Length of Resonating 
5 =v air column bs Velocity of 
3.536 ength Sound 
3 Ee , First length Seanad feisty 9) e auf) a aae 
ms (/,) (15) 
256 cms. cms. 
32°4 99°8 
32°4 99°7 2) xe 
344°5 
32°75 99°8 = 134°6 
293 99-6 ems. metres/sec. 
Mean 32°4 99-7 | | 
en ee ee | 
Bee ay: ) 
x12 cms. cms 
[os 49:5 
[33 49:4 2X oe'0 
348°] 
15°5 49-6 | = 68:0 
15°8 49-5 | cms, | metres/sec. 
Mean 1333 49°5 
Second length | Third length | x; 
(2) I;) | ee, 
cms. cms. | ; 
oy 8) 49:5 $3°7 (2. gas 3513 | 
49-4 83°8 = 68°6 yas 
49-6 94-0) ae metres/sec. 
49°5 83°6 
Mean ——_—_-__—_ 
| 49°5 83°8 








The mean velocity of sound in air _ 
at 28°9°C. ca 348° ° metres per sec 


IJ. Correction for moisture : Ook ; 
Saturation vapour pressue of water at 28:9°c = 29°57 mm. 


*, Velocity of sound in dry | _ 449 (1 — 0-4 x 29°6 
air at 28°9°C fo 2X 760 


© 


_ 348 x 754:1 


760 re 345-3 metres per sec. 


. Y 
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lif. Correction for temperature ; 
Velocity of sound in dry\ _ 345:3 + 546 _. 397-0 actrees 

















si at O'e aang 5749 per sec. 
IV. End Correction : , 
C et, Ig 
i | l. | ae G 
32-4 cms. 99-7 cms. b2S 
ae eS 83°8 cms. 1°50 
55 
| ° Mean ... 1°43 


The mean diameter of the tube — 3°79 cms. 
C 1°43 __ 3-38. 


edo 3°79 
ee = 0:38 d. 

[The value of C varies from 0°3 d to 0°4d depending on the 
nature of the mouth of the tube. For a long cylindrical tube 
with a plain rim, C = 0:3 dj. 

_.¥V. Assuming the velocity of sound in dry air at 0°C 

to be 330 metres per second, calculate its velocity in air saturated 
with water vapour at 289°. Use the value and calculate the 
frequencies of the tuning forks. . 


__ EXPERIMENT 44 : 
2 VOLUME RESONATOR 


Aim :—To verify the relation between the volume of air and 
the requecy | of the note that produces resonance in it. 


Apparatus required :—Aspirator bottle, «uning forks of 
known frequency, measuring jar. fF 
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Procedure :—Take an aspirator bottle of 1 to 2 litres capacity 
having an opening at its side near the bottom. Fit it with an one- 
holed rubber stopper. Insert a short glass tube into the stopper 
and connect a rubber tube to it. Fit up a pinch-cotk to the 
rubber tube. a 


Close the pinch-cock. Fill the aspirator bottle completely 
with water. Strike one of the tuning forks. Hold it near the 
mouth of the bottle and un-loosening the pinch-cock, slowly let out 
the water. The water level in the bottle falis. When the volume 
of air reaches a definite value, resonance is produced and a sharp 
loud note is heard. By adding water and letting it out, find the 
exact position, when the resonant note has the maximum intensity. 
Find the volume of air by adding water from a measuring jar to 
the bottle. Repeat the experiment two or three times and find the 

‘mean value of the volume of air which resounds to the note 
emitted by the particular tuning fork. | 

Repeat the experiment with other tuning forks. Find in each 
case the volume of air in which resonance is produced by the 
particular tuning fork. | 


Tabulate the results as follows : 





i 


a2 | | Pe: 
~ .Frequency of Volume of the porns ag mt 
Tuning Fork ing column of air n?-v -. ee? 
n Vv 





The Ene in “the last eclcan will be found to es consti gos 4 


The volume of airis inversely proportional to the square of” 


the frequency of the note producing resonance in it. - 
EXPERIMENT 45. tage 
FREQUENCY OF A TUNING FORK BY THE 
FALLING PLATE METHOD 
* | Aim :—To determine the frequency of a tuning fork eee the 
Falling plate apparatus. 
Apparatus required :—Falling plate apparatus, | wise fork, 
-vernier puesosoope, rae ‘ as Es 


4 
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FALLING PLATE METHOD | 


‘Description of Apparatus :—The Falliny te apparatus 
consists of a rectangular, upright wooden plank mounted ona 
base. The upright is provided with 
grooves on the two sides, through 
which a rectangular, glass plate can 
descend freely. The tuning fork is 
mounted in front of the plank on 
a suitable support with its prongs 
sloping upwards, towards the plank. 
A fine style is attached to one of the 
prongs of the fork. The support 
carrying the fork can be moved 
towards or away from tke plank and 
the tuning fork clamped in such a 
position that the style just touches 
the glass plate, when it descends verti- 
cally down the grooves. To prevent ©: 
the glass plate from breaking when it 
strikes the base board, some cotton 
or cork sheet is kept there. 





‘Fig. 78 . 
_. Procedure :—Give a uniform coating of smoke on one side of i 
“the glass plate by waving it over the sooty flame of a bunsen 

burner or a kerosene or a turpentine lamp.. Tie a thread across 
the top end of the glass plate. Insert it into the grooves with the 

moked side outside and support it by the thread at such a height 

“t at its lower end is at the same level, as the top of the tuning fork. 

+ Adj ust the tuning fork, so that tlfe style just touches the glass 
_piate. : 


| When everything is ready, set the tuning fork in vibratiog and 
snap (or bun) he red supporting the glass plate. As the glass 
"plate descends freely, a wavy line is traced on the smoked surface 
by thé style, due to the vibrations of the fork. With some dexterity 
-and skill in manipulation, it is posible to get a neat trace on 
gene pa a 







ve the glass plate. Draw the centrafline on He wavy 

ph fine aati aay or pin. a 
ROJA MUTHIAH L ae 
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Turn the microscope so that it is vertical. Adjust the eye- 
piece, so that the cross-wires are distinctly seen. Place the glass 
plate on the stage of the microscope. Focus the microscope on 
central line. Adjust the position of the plate, so that the line is 
parallel to the axis along which the microscope travels and the 
point of intersection of the cross-wires lies on the line. 


Move the microscope, so that the point of intersection of the 
cross-wires coincides with any one of the points, where the wavy 
curve cuts the line, omitting the first few waves. Note the read- 
ing on the horizontal scale. Move the point of intersection of the 
cross-wires over an integral number of wave-lengths along the 
central line. Take the corresponding reading on the horizontal 


scale. Move it again over an equal number of wave-lengths 


and take the reading. Repeat till the whole central line is 
covered. 


Calculations :—Let /, be the Jength on the central line corres- 
ponding to an integral number of waves, /, the length corres- 


Fig. 79 


ponding to the contiguous equal number of waves, x the number 
of waves in each OUP and n the frequency of the tuning fork, 


Then, 
; or cA 
CBS ee > gt? 
1 
,=(utegtt+s>st*® » 
att, 


: X a 
pede — 1, = gt’ =s(3) 


gx? 
: 2 —!_>—___. Ss 
His i, — 14) ; 


ee , 
wa=xa/ fp. 
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Tabulate the results as follows :— 
Least count of the vernier microscope = cms. 
No. of waves taken = x. 


l, - l,—|, n=x,/ 78> 








EFAS 


Mean frequency of the tuning fork = 


The value obtained will be slightly less than the free frequency of 
the” tuning fork, as the pressure of the style against the plate 
slightly eet the frequency. 


EXPERIMENT 46 
KUNDT’S TUBE 


Aim :—To determine (1) the velocity of sound in the rod of 


the Kundt’s tube apparatus and (2).the Young’s Modulus of 
elasticity of the rod. 


Apparatus required :—Kundt’s tube apparatus, di) cork 
powder, rods of different materials for use in the apparatus, 
- samples of those rods. 


Description of apparatus :—The Kundt’s tube apparatus con- 
_ sists of a long glass tube about 120 to 150 cms. in length, and 3 to 





Fig. 80 


4 cms. in diameter, mounted horizontally on two supports on a 
long base-board. From one side of it, a long rod, 150 chs. in 
. length and of any material, like brass or wood or glass, is 
introduced. The end of the rod inside the tube is fitted with a 


_ cork or circular piece of wood whose diameter is slightly less than. 


that of the tube. Just outside the mouth of the tube, on the 
| base-board is fitted an arrangement for clamping the rod at its 
| mid-point. This generally consists of a piece of wood screwed to 
the base-board with a semi-circular, transverse groove at*its centre. 


‘ 





2X4 


‘a 
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Another piece of wood with a similar groove is fixed on it by 
means of screws. The experimental rod passes through the 
central hole provided by the two grooves. At the other end of 
the glass tube, a shorter rod with a cork fitted at its end, is 
inserted. 


Procedure :—Remove the glass tube from the apparatus and 
dry it thoroughly by warming it over a bunsen flame and sending 
a blast of air through it or by keeping it in the hot sunlight. 
Spread a continuous thin layer of dry cork powder, all along a 
metre scale, place the metre scale inside the tube and turn it 
upside down, so that the cork powder is transferred to the class 
tube. 


Fix the tube on the board. Introduce the long rod into the 
tube and clamp it tightly, exactly at its centre. Insert the shorter 
rod from the other side. 


Stroke the end of the long rod Jongitudinally, so that it gives 
out its fundamental note. For stroking the rod, use a piece of 


ml fest Na 


Fig. 81 
leather or rough cloth dipped in resin powder. If the rod is a 
glass rod, use a piece of cloth soaked in methylated spirit. The 
vibrations of the rod produce stationary vibrations in the air 
column in the tube, if the distance between the end of the long — 
rod inside the tube and the end of the short rod opposite is 
suitably adjusted. The end of the long rod is an anti-node, while 
the end of the rod opposite is a node. When the air column ~ 
vibrates, the cork powder is violently agitated. When it settles 
down after the vibrations, striations or a rib like pattern, as in the | 
figure, is produced all along the tube, between the rods. The ribs 














are longest at the anti-nodes and shortest at the nodes. Stroke the 


rod in quick succession and adjust the distance, till the maximum 
resonant sound is produced. The cork powder will have a 
tendency to move away from the anti-nodes and collect at the 


Cc 


nodes. 


6 
| i. \ 
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‘When a clear and well defined pattern is obtained, find the 
mean length between two consecutive nodes. This is best done by 
- measuring the length of N loops and dividing it by N. 

Find the density of the sample rod, by weighing it in air and 
in water. The weight in air divided by, the loss of weight in 
water gives its specific gravity, which is numerically equal to its 
density. | 

It can also be found out, by finding its volume and dividing 
the weight by volume. : 


_calculations :-—When the rod emits its fundamental note, its 
central point is a node, while the two ends are anti-nodes. So, the 
wave-length of the note will be twice the length of rod. The 
wave-length of the note in the air in the tube will be equal to 
twice the distance betweer two consecutive nodes. Let L be the 
length of the rad ; /:the distance between two consecutive nodes 
‘in the air column; 7 the frequency of the note produced; 
V, velocity of sound in the rod and v, velocity of sound in air. 
Then, | 
Pee and °V = nx 2h 


moe 
Vv "3 a aed 5 
gota ; 


The velocity of sound in dry air at 0°C is 330 metres per sec. If 
the room temperature ist, then _ 


v= 330(1 + 536] 


: | 
| 330 [1 eo 548} pe ® hs 
be . v= 
l 
Pa } __ 380 x (546 +t x L 
a oe ae as 46 eee —— metfes/sec.® 
ee ise 7 =a where q is the Young’s Modulus of the rod, 
d, its density and Vi, ae velocity of sound in it. 
ere 
ae : Ms dq 
oo => ear 


Oe 
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Tabulate the results as follows :— 
I. Length of rod (L) = 91:0 cms. 








Length of each loop 
cms. 


ee 


9°50 
a : 
9°50 
9:07 





* 9°40 cms. , 





_ Mean 


= 9°40 cms. 
= 330 metres/sec: 


\ 1¢ge0 XOOSS Teen 


Mean distance between two nodes 
Velocity of sound in dry air at 0°C 
Velocity of sound i in dry air, at the 





room temperature, 34°C 5d6u 
= 350:5 metres/sec. 
’. Mean velocity of soundin the rod = — ; Zs 


= 3393-1 metres/sec. _ 


II. Young’s Modulus of the material of the rod :— 
Weight of the sample rod in air = 10°910 grams 
Weight of the sample rod in water = 9°643 grams 


". Specific gravity = = Sirs ige Shs 8d 


.q= ved = (339310)? x 3-017 
== 9°78. 10" * dynes per sqy cn. 
*Youne’ S Modilits of the material (Brass) of the rod = 
9-78 x Ses dynes/sq. cm. 
: EXPERIMENT 47 
SONOMETER 

w LAWS. OF TRANSVERSE VIBRATIONS OF STRiNGS 
e. Aim :—To verify the Laws of transverse’ vibrations of strings 
ic a sonometer. 
Apparatus required ears O ni Stats tuning sci “3 different 


oF 


“445 
ns 
* 
ca 


Aig “ye ni 


“frequencies. 
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Description of apparatus :—In its usual form, the sonometer 
consists of a long, hollow rectangular box of some light wood, 


about 120 cms. long, , | : eo 
Ss — ; £% 
12 cms. broad and \Q See EY 





10 cms. high. On the \ 
top, near each end, 

is fitted across the 
-sonometer, a prismatic 
bridge with a metallic 
edge. Two short i iron 
pegs are fixed at one 
end of it, to which wires can Be fastened. At the other end, 
opposite to the pegs, are, fixed two small, smooth, frictionless 
pulleys. The box has two or three circular openings on its sides. _ 
One or two movable bridges, similar to the fixed ones, are also © 
provided. A metre scale is fitted on the top. 4 


Fig. 82 


Procedure :—Fasten one end of a steel or brass wire to one 
of the pegs. Take it over the two fixed bridges and over one ‘of 
the pulleys. Make a strong loop at the other end and hang from 
the loop a weight hanger. Add weights to the hanger. The wire 
gets stretched and the tension init increases. Add two or three 
kilograms (slotted) weights to the hanger. The weights added 
will depend on the material and diameter of the wire. 


Place the movable bridge under the wire, somewhere between 
the bridges, so that the stretched wire rests on that bridge also. 
Strike one of the tuning forks and place it on the sonometer box. 
Pluck the segment of the wire betyeen the fixed bridge (near the 
pegs) and the movable bridge. Compare the notes given out by 

the tuning fork and the sonometer wire. Adjust the length of the 
vibrating segment of the Wire by shifting the position of ne 
. movable bridge, so that the two notes are in unison. 


If you have a good musical ear, the above adjustment is is very 

easy. There are, however, some mechanical methods also for it. 

Produce both notes ‘simultaneously. Judge which is higher and 
shift the bridge suitably, | so that the two notes produce beats (rise 

and fall of sound). Make finer adjustments in the position of the 

bridge, sO that the beats become longer and longer and ultimately ; 


~ 


) ip on o 
q | 
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vanish. Then, the two notes are ‘in perfect unison, Sihe 
frequency of the vibrating segment of the wire is equal to the 
frequency of the tuning fork. 


The detection of the beats also requires a musical ear to some 
extent. If even this is not possible, place on the wire a few light, 
paper riders (of the shape of inverted v). Strike the tuning fork: 
and place it on the box. If the frequencies of the tuning fork and 
the stretched wire are of the same order, the wire will be set in forced 
vibration. Hence, the paper riders will begin to flutter due to the 
vibrations of the wire. Adjust the position of the movable bridge, 
so that the fluttering of the riders increases and ultimately, they 
are thrown off the wire. Replace the riders over and over again 
and adjust the length of the vibrating segment, so that they are 
thrown off, the moment the struck tuning fork is placed on the 
box. a 


[One precaution is essential at this stage. Place three or four 
paper riders at lichen places, all along the wire and see, if all of 
them are thrown off. The sono- 
7a (ila eo c—> meter wire will be set in forced 
vibration, even if the frequency 
of the tuning fork is half or one- 
third of the natural frequency of 
, the wire. But, in such cases, it 
will vibrate in more than one 
> | . segment. (See fig). The frequencies 
| of the tuning fork and of the 
| : wire are equal, only if the wire 
vibrates in one segment due to 

resonance.] 

There i is One more delicate test 
to find out whether the » ‘tuning 
fork and the sonometer wire have identical frequencies. Place a 
sheet of white paper under the wire. Strike the tuning fork and 
place it on the box. The wire vibrates in resonance. If the adjust- 
ment is perfect, the movement of the wire is visible to ‘the ¢ eye. 
Again, strike the tuning fork and place it on the box. Aftera few 
seconds, remove it and stifle its sound. If the adjustment is 

hd 


r) 


Fig. 83 
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perfect, the wire will take up the vibrations and a faint note 
will be heard. 


Determine the lengths of the vibrating segment which are in. 
unison with different tuning forks, keeping the tension constant. 


For the same tuning fork, alter the tension of the wire and 
determine the lengths of the wire which are in unison with the 
tuning fork. 

Keep the length of the wire censtant and find the tensions 
of the wire, when it is in unison with different tuning forks. 


“Replace the wire by a wire of a different cross-section and 
repeat the experiment. Find the lengths of the vibrating segment 
of the Wire in unison with different: tuning forks, keeping the 
tension constant. ° Sue 

Determine the mass per unit length (or linear density) of each 
of the wires. This is done by finding accurately the weight of a 
measured length of the wire with a balance and dividing the 
weight by the length. 


Laws of Transverse Vibrations of Strings :—When the segment 
of a wire, of length /, kept under tension T, vibrates, its frequency 
n is given by the formula, 

BSG cy 
a NS 
where m is the mass per unit length or. linear density of the wire. 

The relationships between the inter-connected quantities can 

be stated in the form of the following laws. 


Laws of Transverse Vibrations: « 3 s 

(1) For the same wire, when the tension is kept constant, 
the frequency of vibration is inversely proportional to the length 
of the vibrating segment. 


te -Or, when T is constant, n/ is constant for a wire. 
*(2) For the same wire, when the frequency of vibration is 


constant, the length of the vibrating segment is directly propor- 
tional to the eaare root of the tension. 


ee 
~ 


(ie 
a when nis cons” A: is constant. 


23 
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(3) For the same wire, when the length of the vibrating 
segment is constant, the frequency of vibration is directly 
proportional to the square root of the tension. 


Or, when / is constant, he is constant. 


(4) For different wires, when the frequency of vibration 
and tension are constant, the length of the vibrating segment is 


inversely proportional to the mass per unit length (or linear 
density) of the wire. 













Or, when n and T are constant, /4/m is constant. 4 
Tabulate the results as follows :— 
| Feet Be grams weight; m = gms. per cm. 
) Length of vibrating 
| pecanen cy segment | nl | 
Fa ce grams per cm. 
Tension in Length of vibrating | ST 
grams wt. segment | ae: 
T eas | A 
WR a ie cms. 5° mi = grams per cm. 
a in 
Frequency of vibration | ne | VT | 
n T : Nn 
. IV. ows grams wt.; n= 


PS i a 





Length of vibrating 


hee per cm. length segment 


m 





ae | 








(B) FREQUENCY OF A TUNING FORK 

Aim:—To determine the frequency of a Tuning fork using 
the sonometer. 

Apparatus required -—Sonometer, tuning Fork. 

Procedure :—Fasten one end of a steel or brass wire to one 
of the pegs. Take it over the two fixed bridges and one of the 
pulleys. Forma Strong loop at the other end and hang from it a 
weight hanger. Place 2 or 3 kilograms (slotted) weights on the 
banger, § 80 Bey wire is stretched and under tension, 





¢ 
\ 
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Place the movable bridge under the wire. Strike the tuning 
fork and place it on the box. Pluck the wire between the fixed 
bridge near the peg end of the box and the movable bridge. 
Compare the notes produced by the wire and tuning fork. 
Following the instructions given in the earlier experiment, adjust 
the length of wire so that the note produced by it is in perfect 
unison with the note produced by the tuning fork. Measure the 
length of the vibrating segment caretully with a scale. 

Alter the tension by adding a 4 ‘or 1 kilogram to the uliger, 
Find the new length of the wire which will be in unison with the 
fork. Adding 4 or 1 kilogram at a time, take half a dozen 
readings. The maximum safe weight to be added depends on the 
‘material and cross-section of the wire. 

Replace the wire by afother wire of a different linear density . 
Repeat the experiment and take half a dozen readings. 

Find the weight of a measured length of each of the wires 
and determine accurately the mass per unit length (or linear 
density) of each wire. 

Calculations :—The frequency n, of the vibrating segment of 
a wire, under tension T dynes, is given by the formula, 


1 ce 
a 
where / is the length of the segment in cms. and m, the linear 


density in grams per cm. 
Tabulate the results as follows :— 


Mass per unit length of wire = m grams per cm. 
“go> SLES a nee - 
Tension in dynes Leng _ vil ating a 











The values in the last column are constant for the same tuhing 


fork. 
vi 


Find the mean value of aa 


. 4 , 1 aa 
and VT in the formula, n =>) / a calculate n, the frequency 


Substituting the values of m 


of the tuning fork. 
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EXPERIMENT 48 
MELDE’S STRING 


Aim :—To verify the Laws of Transverse vibrations of strings 


/~ by Melde’s method and to determine the frequeney of the tuning 


fork or vibrator. 


Apparatus required :—Electrically driven tuning fork or 
vibrator, battery, rheostat, fine thread, scale pan, weights, 


Description of apparatus :—The experiment is best performed 
with an electrically driven tuning fork or vibrator, since the 
vibrations are maintained 
automatically, for the 
. duration of the experi- 
ment. The electrically 
driven tuning fork is 
mounted on a stand. A 
small, cylindrical electro- 
magnet is introduced 
between the prongs of 
the fork at the top. Its 
size 1s such that the fork 
. can vibrate freely without 
touching the electromagnet. On the side of one of the prongs 
is attached a thin, brass plate with a platinum contact rivetted 
on it. Just opposite to this, there is an adjustable screw with 
a platinum contact at its tip, fitted toa clamp. This screw is 
insulated from the stand and has a terminal attached near it. There 
is another terminal somewhere on the stand. The coil of the 
electromagnet has two terminals, one of which is connected to the 
ternsinal attached to the screw. The other is connected through 
a battery, and a plug key to the terminal on the stand. 





Fig. 84 


In the electrically driven vibrator, the arrangement is similar. 
The difference is that it has only one prong whose vibrations are 
maintained by a make and break electric arrangement. 


Procedure :—Connect up the circuit consisting of a battery, a 
rheostai, a plug key and the coil of the electromagnet, through the 


\ 
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terminals on the stand and near the screw. Adjust the screw, so that 
it just touches the brass strip on the tuning fork. When contact Is 
made, a current passes and the electromagnet is energised. The 
prongs are attracted inward. The contact is broken, the electro- 
magnet loses its magnetism and the prongs fly back to their 
original position. This results in the contact being made again. 
The electromagnet is thus alternately energised and demagnetised. 
Consequently, the vibrations of the tuning fork are maintained 
automatically, without dying out. ° Adjust the rheostat, so that the 
vibrations are smooth and regular. 


Break the circuit. Tie one end of a long, fine thread, about 
3 to 4 metres long, to one of the prongs of the tuning fork. Pass 
the other end over a pulley mounted on a stand at a distance of 
over 3 metres from the tuning fork. Tie a light card-board 
scale pan to the end of the thread, on which small weights 
can be placed. 


_ Turn the tuning fork, so that its vibrations are parallel to the 
string. Then, when the fork vibrates, Jongitudinal vibrations will be 
transmitted along the thread. Adjust the tension in the string, by 
adding small weights to the scale pan, and alter the distance 
between the fork and the pulley, such that stationary vibrations are 
set up in the string. A. number of loops will make their appear- 
ance on the string. (See fig. 84.) The point where the string touches 
the pulley is anode. There will be a number of nodes and antinodes 
between the pulley and the tuning fork. By a finer adjustment of » 
the tension, get well-defined and clear loops. [A loop is the 
distance between two nodes.] With a beam compass, measure the 
length of as many loops as possible and find the mean length of a 
loop. } 


By increasing the tention, the number of loops formed will 
_ decrease. Their lengths will increase. By decreasing the tension, 
the number of loops will increase and their lengths will decrease, 
There is a definite relation between the tension and the length of 
each loop. Take a number of readings, by altering the tension 
and measuring the mean length of a loop in each case. 


Turn the fork, so that its vibrations are perpendicular to the 
rns Transverse vibrations will now be transmitted along the string. 


‘ 
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As in the other position, adjust the tension and the distance between 
the fork and the pulley, so that clear, well-defined loops are formed 
on the string. Alter the tension and get loops of different lengths. 
Measure the tension and the length of the loop formed, as before. 


Take a measured length of the string and find its weight 
accurately in a balance. Calculate the mass per unit length or 
the linear density of the string. 


Theory :—When stationary vibrations are formed in a string 
under tension T, the length / of the vibrating loop is given by the 
following formula : | 


where n is the frequency of the vibraticns and m, the mass per 
unit length of the string. 


In the Jongitudinal mode of vibration of the tuning fork, the 
frequency of the vibrating string is - that of the tuning fork. 
In the transverse mode of vibration of the tuning fork, the 


frequency of the vibrating string will be the same as that of the 
tuning fork. 


From the readings taken, the relationships between n, /, T 
and m can be verified. If T, / and mare known, n can be 


calculated. 7 . 


Tabulate the results as follows :— 
I. Longitudinal mode of vibration 
Frequency of iork a 
Frequency of string | Ee 


va) 


mass per cm. length of thread = m grams percm. 


Length of 
n loops 


Tension | Length of — 
T 


one loop 


dynes. / cms. 


Eg ee ae to ee ee 
[The tension includes the weight of the scale pan.] The values in 


the last column are constant. 
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Use the formula, 
1 = a / a 
Zi m ‘ 


and calculate n and verify whether it agrees with the value marked 
on the fork. 


If. Transverse mode of vibration : 


Frequency of fork == ae 
Frequency of string as) He 
mass per cm. length of thread = m_= grams per cm. 
Tension Length of Length of Vs 
T aan one loop paneer 52 
b eiresiet I cms. l 


dynes. | 








[The tension includes weight of scale pan.] | 
The values in the last column will be constant. 


1 + * 
Use the formula n = ay / = and calculate n. Verify 


whether it agrees with the value marked on the fork. 


Graph :—Draw a graph representing  T along the X axis and 
the length of a loop along the Y axis in each case. You will get 
a straight line graph. It can be used for finding the value of an 


unknown load. 
“2 
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PART I 
; SECTION V 
LIGHT 


EXPERIMENT 49 
PHOTOMETERS 


Aim :—To compare the illuminating powers of two sources 
of Jight using (1) the Bunsen’s Photometer, (2) the Jolly’s Photo- 
meter and (3) the Lummer-Brodhun Photometer. 


Apparatus required :—Bunsen’s Photometer, Jolly’s Photo- 
‘meter, Lummer-Brodhun Photometer, two sources of light of 
different illuminating powers. 


(A) Bunsen’s Photometer 


Description :—The Bunsen’s Photometer consists of a circular 
disc of unglazed paper, mounted on a vertical stand. At the 
centre of the disc, there is a circular grease spot. 
The grease spot is more translucent than the 
rest of the disc and so allows more of the light 
falling on it to pass through, while the rest of 
the disc allows little or no light falling on it 
to pass through. Consequently, in reflected 
light, the grease spot appears darker than the 
rest of the paper, while in transmitted light, it 
appears brighter. 

Procedure :—All experiments with photo- 
meters must be performed in a dark room. 
Place the Bunsen’s photometer at the centre of 
the table. Place the two sources of lightto be 
compared on either side of it. The line joining 
the two sources must pass normally through 

the photometer. It is absolutely essential that no light, other 
than that from the two sources, should fall on the photometer. 





Fig. 85 


more ae grease spot generally appears either darker or brighter 
than ~ Test of: the paper. This is due to the fact that the 
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fraction of the light reflected and the fraction transmitted is 
different for the grease spot and for the rest of the disc. Move 
the photometer, so that the grease spot appears indistinguishable 
from the rest of the disc. This happens when the light transmitted 
through the photometer from left to right is compensated by the 
light transmitted through it from right to left. This will be the 
case when the intensities of illumination on the disc due to the two 
Sources are exactly equal. 
In other words, 
stig hs 5, (where I, and I, are the illuminating 


a: 2 2 powers ‘6 the two sources). 
ae i 
I, Gee 


One difficulty that is encountered: is that, if the grease spot 
appears indistinguishable when looked at from-one side, it is 
distnctly seen, when looked at from the other side. This is due to 
the difference in the absorption of light when it passes through 
the disc. This is remedied by mounting by the side of the disc 
two plane mirrors equally inclined, say, at 45° to the plane of the 
disc, so that the two sides of the disc can be seen simultaneously. 
Then, adjust the distances of the sources so that the appearance 
of the grease spot is the same in both the images. 


Measure the distances d, and d, of the two sources from the 
grease spot. Rotate the photometer through 180° and repeat the 
experiment. Alter the distances and take half a dozen readings. 


Tabulate the results as follows :— 
_ Sources of light—Electric bulbs of different wattages. 















Distance of disc Distance of disc d.2 
from one source from the other source) -*- = - tl 
( . | d 9 
Cie Ul. Ce 272 2 


| * 
(06 Se 








Mean - _ 
I, 


(B) Jolly’s Photometer 
Description :—The Jolly’s Photometer consists of a compound 
block made up of two identical slabs of clear paraffin wax, free 
from air bubbles, separated by a sheet of tin-foil. This is mounted 


—— 
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6nastand and placed between the two sources of light to be 
compared, so that the paraffin blocks 
on either side of the tin-foil face the 
sources. ° 


Procedure :—Place the stand with the 
Jolly’s Photometer at the centre of the 
table. Place the two sources of light 
to be compared, one on either side of 
the photometer, along the central normal 
passing through it. The two slabs face 
the two sources of light. Since the tin- 
foil stops the light from passing through, 
the illumination of the paraffin block on | 
either side of it is due fb the light falling = ie 86 
on it from tHe respective source- and 
getting scattered. So, the two paraffin blocks appear differently 
illuminated, when observed from the side, with the tin-foil form- 
ing the line of demarcation. Adjust the distances of the sources, 
till the two blocks appear equally bright. It will be so, if the 
intensities of illumination at the two faces are equal. 





Measure the respective distances of the sources of light from 
the faces of the block. Rotate the photometer through 180° and 
repeat the experiment. .Alter the distances and adjust again, so 
that the two blocks appear equally bright. Measure the 
distances. Take half a dozen readings. 


Tabulate the results as follows :-— 





Distance of block from! Distancé of block ea 





one source the other source ae I, as d,? 
d 1 d, | I, d 2 3 
3 aie 
I 
.. Mean + = 
1, 


(3) Lummer-Brodhun Photometer 


Description :—This is an accurate form of photometer. It 
consists of a thin white disc of magnesium carbonate M, mounted 
in such a manner, that its two faces receive light from the two 


ay. 
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Sources to be compared. The diffused light from the faces passes 
through two reflecting prisms and enters a telescope incorporated 
at the side of the photometer. So, in the field of view of the 
telescope there are two regions, differently illuminated, each region 
corresponding to the light received from one of the faces. When 
the faces of the disc are equally illuminated, the two regions in 
the field of the view of the telescope become indistinguishable 
from each other. 


The arrangement of the prisms is shown in the figure. 1 and 

2 are two right-angled total refiection prisms mounted on the sides 
of the photometer 

Each prism _ receives 
pe te light from one of the 
faces: of “the “discs 
and totally reflects it: 
BR The two reflected beams 
<) / fall on the sides of a 
double prism 3, from 
different directions. 
The + double” > prism 
consists of two right- 
-angled prisms, placed 
with their hypotenuses 
in contact. One .of 
these is rounded off, so 
that only a small circular portion at the centre of it is in contact 
with the other prism. Rays of light incident at this portion pass 
through, while light falling on*the rest of the hypotenuse is 
totally reflected. The path of the rays of light is indicated in the 





Fig. 8/7 


diagram. The light that enters the telescope consists of (1) rays of 


light diffused from one of the faces of the disc M and passing 
through the central portion of the double-prism and (2) rays of 
light diffused from the other face of the disc M and totaily reflected 
from the hypotenuse of one of the prisms constituting the double 


~ prism. 
Procedure :—Mount the photometer at the centre of the 
table. Place the two sources of light on either side of it, so that 


“ih 
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the light from each source falls normally on one of the faces of 
the disc Min the photometer. Look through the telescope and 
adjust the eye-piece so that the field of view is in clear focus. The 
appearancé presented will be a circular patch at the centre 
surrounded by acircular ring. (Seeinset in fig.). The patch at the 
centre and the ring may not be equally bright. When the two become 
indistinguishable from one another, it means, that the intensities of 
illumination on the two faces of the disc are equal. Adjust the 
distances, so that the two regions merge into one another. Measure 
the distances. Turn the'photometer through 180°, so that the faces 
of the disc get inter-changed. Adjust the distance of one of the 
sources, if necessary, so that the two regions in the field of view 
‘merge into one another. Measure the distances. Alter the 
distances and repeat the experiment. Take half a dozen 
readings. 


Tabulate the resutts as follows :— 











| | 
Spistance of one source] Distance of the other | I d2 
from disc M source from disc M | re = Sue 
2 2 





d, | d, 





SRY 





Mean 8 = 


EXPERIMENT 50 


REFRACTIVE INDICES OF SOLIDS AND LIQUIDS - 
(BY DIRECT REFRACTION) 


Aim :—To determine the refractive indices of solidg and 
liquids (1) by the parallax'method and (2) using Es vernier 
‘microscope. 

Apparatus required :—Rectangular glass slab, tall beaker, 
glass cube, cylindrical or cubical glass basin, tall pins, 
vernier microscope, lycopodium powder, liquid, drawing 
board. | : 
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(A) PARALLAX METHOD 
(1) REFRACTIVE INDEX OF A GLASS SLAB 


(a) Object kept close to slab ‘ 


Procedure :—-Fasten a sheet of white paper on the drawing 
board. Place the glass slab on it and draw its outline. Make a 
mark O, on one of the sides 
and draw a normal at the 
point. Replace the slab on 
the outline drawn. Fix a 
pin on the mark ©, close 
to and touching the slab. 
Take a knitting needle and 
bend it twice at right angles, 
so that one of the parallel 
arms is shorter than the 
other. Insert. the Jdomeer 
arm into a cork. Move the 
cork, so that the sherri: 
arm just touches the top surface of the slab, over the 
normal drawn from O. Look through the slab at the , 
image of the pin and adjust the cork, so that the needle above 
the slab appears to be a continuation of the image of the pin. 
Move the eye to and fro and further adjust the needle, so that they 

0 do not separate. In other words, there must 
| be no parallax between the image of the pin 
and the needle. Then, they will be at the 
same distakce from the eye. Measure the 
distances of the pin and the needle from the 
opposite face. 





Repeat the experiment and measure the | 
distances again. . 

Use the other two faces of the “slab, 
repeat the experiment and take readings. 
| Then, | 
Refractive) _ Distance of object O (pin) from opposite face 


Index of slab § Distance of image I (needle) from opposite face 





~ 
= Pe mee mye 0 em 0 te 8 ore Dae 8 we Cems am 2s om pee 
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Tabulate the results as follows :— 





. . e . o : . 
Distance of object | Distance of image etractive 
from opposite from opposite d 
Be | 1 se 1 
face d, face d, | Index = a 
cms. | cms. = 











Note :—The distance of the object from the opposite face is 
termed the actual distance, while the distance of the image from 
the opposite face is termed the apparent distance. 


(b) Obiect kept at a distance from the slab 


The object pin may be placed at a distance from one face of 
the slab and its refracted image, seen through the opposite face, 
located. The only difference is that a different formula must be 
used for calculating the refractive index. 


Place the ginss slab on the sheet of paper fixed to the drawing 
board. Draw its outline. Draw a normal to one of the faces of 
the slab, extending to some distance from the 
Slab. Replace the slab on the outline. Fix 
a pin O on the normal drawn, at a distance 
of about 3 to 5 cms: from the face of the 
slab. Look through the slab and locate the 
position of its image I, on the normal, using 
the bent pin, by the parallax method. Measure 
the thickness t of the slab and the distance t’ 
between the object O and the image J. Then, 
if / is the refractive index of the slab, 


peas oh +) 


t 
or ee 
ot Cen 
Alter the position of the object pin and 
repeat the experiment. Take half a dozen 
readings. . 








Tabulate the readings as follows :— 


irr byistiice fi... ) Doe 
stan Refractive 
Distance Rao ee Thickness 


Peupiect |... 
pin from ee Lape object and of wk rae 
slab oa image t’ f= er 
cms. on me SONS saci ree: 
.. Average Refractive Index = ° 
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(2) REFRACTIVE INDEX OF A LIQUID val « 


Procedure :—Take a tall beaker. Place a bright pin P, at the 
bottom of the beaker. Pour the liquid into the beaker to a 
height of 10 to 15 ems. Cover the sides of the beakef by black 
paper. 

Mount a bright pin Q horizontally on a clamp fitted to a 
stand. 


[ff a tubular light with a straight : 
filament and of low wattage is” avail- 
able, the lighted filament will be better , 
than a pin for locating the position of 
the image.] 

Look from above and adjust the 
clamp so that the pin Qis parallel to the 
image. of pin P in the liquid.’ Keep 
the eye in the vertical plane containing 
the two pins. Adjust the height of the 
pin Q so that its virtualimage Q, seen 
by reflection at the surface of the liquid 
and the refracted image P, of the pin P, 
inside the liquid coincide without parallax. 
Measure the distance QO of the pin 
fromthe surface O of the liquid. It will be 
equal to the distance of the refracted 

Be image of the pin P in the liquid, from its 
surface. easure the height PO of the liquid in the beaker. 
Alter the height of the liquid ig the beaker and repeat the expeni- 
ment. Take half a dozen readings. 4 * 


R<fractive Index _ Height of pinQfrom the surface of the liquid, 
of Iéquid ‘i ‘Height of the liquid in the beaker 


~~ 
- 

















Tabulate the results as follows : ns oan * 


STE. 





Cin a eee 
Diane at pinQ from|- Reactive Indeed es 
surface of the liquid PO 


QO 4 Y pe i ate ee 
¥ 2 O 
cms as pe 


Height of licaia 
in the beaker 
PO 

. cms 






i | 





» ... Mean Refractive Index = } 
4 
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(B) VERNIER MICROSCOPE 
(1) REFRACTIVE INDEX OF A GLASS CUBE 


Procedure :—Turn the microscope so that its axis is vertical: 
Adjust the eye-piece, so that the cross-wires are seen distinctly. 
Determine the least count of the vernier. Sprinkle a few grains of 
lycopodium powder on the stage of the microscope. Raise or 
lower the microscope so that the grains of the lycopodium 
powder are in clear focus. [Note tlre reading on the main vertical 
Scale and add to it the vernier reading (the coinciding vernier 
division multiplied by the least count). Let this be a. Place the 
glass cube or slab on the powder. Raise the microscope so that 
the powder is again in clear focus. Note the reading as before. 
Let it be b. Sprinkle a few grains of lycopodium powder on the 
top of the cube or slab. Raise the microscope so that the lyco- 
podium grains are again in clear focus. Note the reading. Let 
ibe-c. - “Then, : 





Actual thickness of cube = c—a 
Apparent thickness of cube = .¢ — b 
_« __,*, Refractive index of glass cube = : = ; 


Take two or three sets of readings. 
_ Tabulate the readings as follows :— 
= Each main scale division ~ ss — 0-05 cms, = 
50 vernier divisions are equal to 49 scale divisions. 








.. Each vernier division : = 0:049 cms. 
3 . Least count of vernier microscope = = 0-001 cms. 
Be i Reading when microscope ,is focussed ) fest 
. as a _on- the lycopodium placed on the $= 1:923 cms. 
Seu Stage of dhe microscope ie | 
Reading w mictcscope is focussed) z 





E> on the refracted image of the lyco- . 
— podi — the cube or slab b= 2-005 cma . 
onit J " : 


sees = 953 cms. 


~ 


oo .. ro Ts : = 


Py A, = “4 
~ bps Fos : , 


i 


| 
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(2) REFRACTIVE INDEX OF A LIQUID 


Procedure :—Make the initial adjustments in the microscope 
as in the previous experiment. Place the glass basin on the stage 
of the microscope. Place a small bright pin or neédle at the 
bottom of the basin and fix it with a piece of wax. Focus the 
microscope on the fip of the pin. Note the reading on the vertical 
scale. Let it be a. Pour the liquid into the vessel to a height of 
2 to 3 cms. If the pin is fixed with wax, it will not be displaced. 
Focus the microscope on the refracted image of the pin. Take 
the reading on the vertical scale. Let it be b. Sprinkle a few 
grains of lycopodium dust on the surface of the liquid. Focus the 
microscope on the grains and take the reading. Let it be c. 
Then, 


Actual depth of liquid <9 Se ee 
Apparent depth of liquid = c—b 
Refractive Index of liquid _ —s 


Alter the height of the liquid by adding a little more of the liquid 
and take the readings corresponding to (1) the refracted image of 
the pin and (2) the top of the liquid surface. Repeat for 2 or 3 
different depths of the liquids and take readings. . 


Take another liquid and repeat the experiment, 


Tabulate the results as follows :— 


Each main scale division __ = 0:05 cm. 
Each vernier scale division (50 vernier scale | 
divisions are equal to 49 main scale>= 0049 cms. 
divisions) 
*. Least count of vernier ,= 0001 cms. 
~ Reading when microscop2 is focussed oe a 
bottom of basin (tip of pin) a ae oe 
Reading when microscope is focussed on\ _ 10°037 cms. 


~ the refracted image of pin tinder water f 


Reading when microscope is focussed =. = pee 
the top surface of water a 


‘ _. 11:467 — 9°589 « 
‘ae Retaee Index of va = page aGe eae 
a ee 
> ta 


Tabulate likewise for other readings. 
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EXPERIMENT 51 


REFRACTIVE INDICES OF SOLIDS 
AND LIQUIDS : 


(BY CRITICAL ANGLE METHOD) 


| Aim :—To determine the refractive index of (1) a glass prism 
‘and (2) a liquid by measuring their critical angles. 


(A) Glass ,Prism 
Apparatus :—Glass prism, drawing board, pins. 


* Procedure:—The glass prism used is an equilateral prism of side 
5to 7S5ems. Fix a sheet of paper to the drawing board. Place 
the prism on it and mark its 
outline. Let A, B, C, represent 
tee vertices .. of . the ~ prism. 
Replace the slab on the outline. 
Fix a pin on AC at D, at a 
distance of about 1°5 cms. from 
A. Look at the image of the 
pin, through the face BC. Slowly 
move the position of the eye 
towards C. The image of the 
pin will vanish after a certain 
distance. Keeping the eye in» 
the position in which the image ; 
just vanishes, fix two pins at E > op 3. 92 
and F, so that. the feet of the 
two pins and the foot of the image of the first pin. are 
in the same straight line. If all the pins are kept vertical, 
_ then the two pins and the image of the first pin will be in the 
same vertical plane. Remove the prism and the pins. Jotn EF 
- and produce it to meet BC at G. From D, draw a normal DH to 
AB and produce it. Mark on it a point I, such that HI = DH. 
Bo: Join GI. Letit cut AB atJ. Join DJ. Measure the angle DJG. 
It willbe equal to twice the critical angle for the material of the 










% Pp ism. Let it be 2 9. Then, the critical angle will be equal 9. 


rs Reteactis e Index of the material of the prim = —.!_. 
Bo sh aa sin 4 
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Repeat the experiment, fixing the first pin at a different point 4 
on AC. Find the critical angle. Take 3 or 4 readings. 


- Light rays from the pin D fall on the face AB of the prism. 
All the rays falling on face AB between A and J are réfracted by 
the face AB. All the rays failing on face AB between J and B are 
totally reflected. It must be remembered that the ray of light 
incident at the critical angle just grazes the surface AB after 
refraction. So, the angle DJG is really slightly greater than twice 
the critical angle. 


Tabulate the readings as follows :— | a 





, 7 ; 
Angle DJG Critical angle pacaanen A 
) 





. Mean Refractive Index .= 


(B) Refractive Index of a liquid 


Apparatus required :—Mounted air-cell, cubical glass trough, 
sodium light. 


Description of apparatus :—The air-cell consists of two plane- 
parallel glass plates, of equal breadth, one of them being a little 
longer than the other. They are separated from each other by a 
thin strip of tin foil placed round the edges and cemented together, 
so as to be waiter tight. There is a thin film of air between the 
plates. It is fitted inside a hydrostatic bench, so that it is 
vertical. To the sides of the bench, two pins are fixed hori- 
zontally at their bottom, at the centre, with their axes in the a 
same straight fine. The whole arrangement is such that when 
the bench is placed « on the table, the eir-cell remains verticlewith | 
its lower edge — half acm. above the surface of the table. 










NT 











Procedure : cubical glass trough used must Pe 4 
plane, parallel sides. Place it on a sheet of paper fixed a 
drawing board. Draw its outline, Remove ay ‘Draw a “nor P 
abt the centres of one ee r sides. F Vathine +e 


aie lie ee nto aS He: 
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parallel to the sides of the trough, for which the normal has 
been drawn. Mount a narrow, vertical rectangular slit parallel to 


one of these sides, at a a 'B 


E 


= 


distance of 5 to 10 cms. 
fmm at. The axis of 
the slit should lie on the 
normal drawn. Illumi- 
nate the slit with sodium 
light. Fix a pin on the 
normal on the other side 

of ‘the trough. Keeping 
your eye along . ihe . line 
joining the pin and the 
slit, rotate slowly the 
hydrostatic bench about 
a vertical axis passing 
through the centre of 
the air cell. In a parti- 
cular position, the slit 
will be covered by a dark shadow creeping towards it. With- 
out moving the position of the eye, rotate the bench so that 
the vertical pin coincides with the edge of the shadow. Mark the 
points A, D, opposite to the ends of the pins fixed to the 
hydrostatic bench. : | 





Fig. 93 


Rotate the hydrostatic bench in the opposite direction and 
find the position on the other side of the normal, where the pin 
coincides with the edge ofthe shadow. Mark the points B,C, 
seam to the pins fixed to the hydrostatic bench. 


move the hydrostatic, bench and the trough. J oin the two 
of points marked. Let them be “AD” and BC. Let*them 
os at O. The angle AOC gives twice. the critical angle. 









: ‘ 1 
a u id = Se 
aa ae ot critical angles . " 


= Abin x 7, 4 
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Let PO represent the direction of the incident ray when the 
slit is just covered by the shadow. Then PO is incident at the 
air film at the critical angle. So, 
the angle between PO and AD or 
BC is (90 — 6), and the angle 
AOB is (180 — 26). Hence, the 
angle AOC is 29. Total reflection 
occurs actually at the glass air 
____|_ surface. @ is the angle of incidence 
WATER = at the water-glass surface. Let r be 





Fig. 94 the angle of incidence at the glass- 
air surface, in the limiting position. Then, 
Sin @ Sin r 
ee y d on eet oa a 
Sin r ae Sine90 ex 
Sin @ Sin r eu a 
Ripe a SW Pee ae 
Sin r Sin 90 | : 
==) WW. ad a 
ee es 


Tabulate the resuits as follows :— 









Trial | Angle : Critical Refractive 
No. AOC angle Index 
20 0 i. Ae 
| ae 


[The arrangement described here is the simplest type in use 
and is not capable of giving very accurate results. There are 
other types, however, in which better arrangements are made 
for measuring the critical angle to a higher degree of accuracy. | 





° EXPERIMENT 52 
FOCAL LENGTHS OF CONCAVE AND 
CONVEX MIRRORS . 
Aim :—To determine the focal length of (1) a concave mirror 
and (2) a convex mirror. 


Apparatus required :—Concave mirror, convex mirror, 
mounted knitting needles, unframed plane mirror, convex lens, 
stands for the mirrors and the lens. 


%. 
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(A) Concave mirror 


Procedure :—Mount the concave mirror vertically on a suitable 
stand, so that its axis is horizontal. Turn the concave mirror so as to 
receive the rays from any distant object. Catch the clear real 
image of the distant object formed by reflection at the mirror, on a 
white screen. Measure the distance of the screen from the centre of 
the mirror. It will give the approximate focal length of the mirror. 


Place a mounted knitting needie P, in front of the mirror. It is 
desirable to have the tip of the needle painted white. Adjust its 





Fig. 95 


height, so that its tip lies on the principal axis of the mirror. 
Move it to and fro in front of the mirror, until you are able to 
see its real, inverted image, when you look towards the mirror. 
Adjust the position of the needle, so that it coincides with its image 
and there is no parallax between the two, when the eye is moved 
from side to side. [A mounted eye-piece can be used to verify the 
correctness of the adjustment. Look through it at the needle and 
the image. If both of them are seen in clear focus, at the same 
time, they are in the same vertical line.] | Measure the distance of 
the needle from the centre of the mirror along the principal axis. 
It will give the radius of*curvature of the mirror (r), ® 


U-V method—Place the knitting needle P a little beyond the 
principal focus of the mirror. Look towards the mirror from a 
sufficiently large distance. You will see a real, inverted and highly 
magnified image of the needle. Place a second mounted needle Q 
similar to the first, in front of the mirror with its tip on the 
- principal axis. Move it to and fro, till its tip coincides with the tip 

of the inverted image of the first needle and there is no parallax 


ae 


~~ ‘ a. ; Tig oe =" f > a 


. 
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between them, as the eye is moved from side to side. Measure 
the distances u of the first needle and vy of the second needle, 


c 


¥ - 





Pig296 ek 

from the centre of the mirror, along the principal axis. Increase + 
the distance of the first needle from the mirror by 5 cms. Its image . 
will move towards the mirror. Locaté its position, using the 
second needle, by the parallax method Measure wand v as before. 
Repeat the experiment by increasing uw by 5 cms. at a time and 
locating the corresponding position of the image each time, by the 
parallax method, using the second.needle. Take 6 to 8 readings. 

The values of u must be such, that as many of them are less than 
r, as are greater than r. 


If w and y are the distances of an object and its image from 
the centre of a concave mirror, measured along its principal axis, 


i + an se i or 2 
V u f 


where fis the focal length andr, the radius of curvature of the 
coneave mirror. From the readings taken, calculate r. 










ebulate the results as follows :— : oe. 


(1) Approximate focal length of the concave V5. 
mirror by focussing a distant object f 


(2) Radius of curvature using a single needle = cms. — 





mirror mirror 


(3) | 
Distance of | Distance of © | 
object from | image from | | 
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Graphs :—(1) Represent u along the X axis and v along the Y 
axis, taking the same scale for both, with the origin representing 
zero for both. Plot the Yy 
points.and draw a smooth oO Po 
curve thorough them. 
You will get a hyper- ,, 
bola. Draw the bisector 
of the angie at the 
origin. Find the values 40 
of u and v corresponding » 
to the point of inter- 
section of the curve 
and the bisector. They : 
will be equal. Each of & 
them will be“ equal to 
2 f. 





(2) Represent = along. the X axis and a8 along the Y axis, 


, fing the same eu in Both The graph obtained will be a 
straight line. Produce it both ways to meet the X and Y axes 
The point of intersection of the line with either axis will give = 
Note:—The paral- 

lax method adopted in 

the above experiment is 
accurate and can be 
sees used for both real and 
q virtual images. How- 
ever, it involves strain , 
for the eye. So, it -is 
oid sual to use an illumi- 
-d cross-wire or a 

ot om ; wire-gauze, 















ce! VX pn 77 Kaye , ° 
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on a white card-board screen or a ground-glass plate mounted 
ona stand. The object screen is placed at various distances from 
the concave mirror. The image screen is adjusted, so that a 
Clear well-defined image is formed on it, corresponding to each 
position of the object. u and vy are measured and f and 2r 
calculated as explained already. 


(b) Convex mirror 
Procedure :—(1) u — v method—A convex mifror produces 
only a virtual image, behind it, whatever be the position of the object 
in front of it. The virtual image formed behind the mirror can be 
located only by the parallax method. To do this with ease, an 
unframed plane mirror strip mounted verticaily on a stand is used. 


Mount the convex mirror vertically on a stand, so that its 
axis is horizontal. Place the stand with the plane mirror M in front 





Fig. 99. 


of it facing the same direction. Adjust its height so that its top 
horizontal edge lies on the principal axis of the convex mirror. 
Place the mounted knitting needle P in front of the mirrors. It 
must ,be in the vertical plane passing through the principal axis of 
the convex mirror. Look towards the mirrors and adjust its 


position so that a virtual image of the needle formed by reflection - 


at the plane mirror and another virtual image formed by reflection 
at the convex mirror are both visible. Make further adjustments, 
so that the two virtual images coincide and there is no parallax 
between them, as the eye moves from side to side. 


‘The virtual image Q formed by, the plane mirror is as far 
behind it, as the object is in front of it. So, the distance MP of the 


- aa 
=p Pa 


™*? 


B.A 
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needle from the plane mirror minus the distance MC between the 
mirrors will give the distance CQ between the convex mirror and 
the virtual image formed by it. Thus, uw and v being known, fcan be 
calculated from the formula ue “4 ee = It must be borne 
, Vv u 

in mind that, since the image is virtual, v is negative. 

Alter the positions of the plane mirror and the needle and 
take half a dozen readings. The values of u may be adjusted to | 


range from 10 cms. to 50 cms. 


Tabulate the readings as follows : -— 


Ce ee 








Distance | ... Za 
Distance i | mane 
etween l 1 
between between ae Focal 
f convex mirror 1 3 | TES 
object and and plane image and VY 8) length 
convex mirror, “ ninrgp [Convex mirror) y oe f 
See V = (u — a) Pies cms 
cms . cms 


cms 





. .. Mean focal length of convex mirror = cms 


(2) Determine f using an auxiliary convex lens :—Mount a 
convex lens whose focal length is greater than that of the convex 


ON 
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‘mirror on a lens stand, with its axis horizontal. Place P one’of the 
mounted needles, a little beyond the principal focus of the lens. 
_ Adjust its height, so that itsetip lies on the principal axis of the lens. 
A real, inverted, magnified image of the needle will be formed on 
* the other side of the lens, on the principal axis. The distances of - 
ae the object and the image from the lens must be nearly equal. Using 
: — needle Q, locate the position of the image, by the 
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oh ep th convex mirror, so as to face the lens, between 
he second needle ¢ and ee The principal axes of the lens and 
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the mirror should be along the same line. Rays of light refracted 
by the lens, get reflected from the convex mirror, pass through the 
lens and form an image on the same side of the lens as the object. 
Look towards the lens from the side of the first needle P. Move the 
convex mirror to and fro, till the real, inverted image of the needle 
formed, coincides with the needle and there is no parallax between 
the two. If the rays after passing through the lens, fall normally 
on the convex mirror, they will retrace their path and form a real, 
inverted image by the side of-the object. Hence, it is obvious 
that the second needle must be at the centre of curvature of the 
convex mirror. Measure the distances between (1) the lens and 
the second needle and (2) the lens and the convex mirror. The 
difference will give the radius of curvature r of the convex mirror. 


Alter the position of the first needle. Repeat the experiment. 
Take 3 or 4 readings. ) 


Tabulate the results as follows :—~ 





Distance 


Radius of 


Distance Distance 





between first | between second pane curvature 
tieedle from lens | needle and lens ane of mirror 
u. V Hf lr = oS xy 
cms cms ee : cms 
’. Mean radius of curvature = cms. 
EXPERIMENT 33 
~~ 


FOCAL LENGTHS OF CONVEX AND 
CONCAVE ee 


oO 


Aim ! 
(2) a concave lens. 2 
Apparatus required :—Convex lens, concavé lens, mounted 
needles, mounted plane mirror, lens-stands, telescope. a 
a 
(A) Convex lens pee 


convex I mess on a Rat with its axis ee. Tum the 





~ 


Procedure :—(1) Focussing a distant object :—Mount t a | 







ae 
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image is formed on it. Measure the distance between the centre 
of the lens and the screen, along its principal axis. It will give 
the approximate focal length of the lens. The more distant the 
object chosen, the more accurate the result will be. 


(2) u — v method :—Place a mounted needle P, on one side 
of the convex lens, just beyond its principal focus. Adjust its 





o.*Pigy 10] 


heizht so that its tip is on the principal axis of the lens. Look 
towards the lens from the other side and observe the real, inverted 
image of the first needle. Place the second needle Q, in such a posi- 
tion that its tip coincides with the tip of the image. Adjust its 
position, so that there is no parallax between the two, as the eye is 

moved from side to side. Measure the distance u of the first 
needle P, from the centre of the lens, along the principal axis and 
the distance v of the second needle Q, likewise. 


Move the first needle P, away from the lens by about 5 cms. 
Find the position of its image on the other side, using the second 
needle Q, by the parallax method. Measureu andy. Repeat the 
experiment, increasing u by 5 cms. at a time and take half a dozen 


readings. 


Calculate f, using the formula, se eae [Follow the 


- 


convention that when the image is real, the distance is positive and< 


“when it is virtual, it is negative.] 









” 


a, 
Tabulate the reSults as follows :— 


—————————————— en 














| Distance Distance Pe} 
| of object | ofimage | ,/ |v u Focal length 
| from lens | fromlens |—|— 1 f 
oe ae | Vv SE et B Cms 
The mean focal length of the lens sf Gig 
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Graphs :—(1) Draw a eraph representing u along the X axis 
and vy along the Y axis taking the same scale on both the axes, with 
the origin as zero. The curve will bea hyperbola. Draw the 
bisector of the angle at the origin. The co-ordinates of the point of 
intersection of the bisector with the u — v curve will give 2 f 
wee fig 97, 


(2) Draw another graph, representing = along the Y axis 


and Me along the Y axis, taking the same scale on both axes. You 
V 


will get a straight line graph. Produce it both ways to meet the 


two axes. The points of intersection will give ; . seen os, 


(3) Displacement method :—Place .the two needles P and Q 
at a distance / apart which is greater than 4f. Interpose the convex 





Fig. 102 


lens between the two needles,so that its principal axis passes through 
the tips of the two needles. Looking towards the lens from one 


side, move it to and fro, till a real, inverted image of the needle on 


the other side of the lens is ‘observed: by the eye. Adjust the 


_ position of the lens, so that this image coincides with the needle ee 


Y 2 


“nearthe eye and there is no parallex between the two, aS he ; 


eye is moved from side to side. Measure the distance between t 


centre of ue Jens and one ° of t the eee BIOS the ous 


FOCAL LENGTHS OF CONVEX “AND CONCAVE LENSES 207 


the latter image will be diminished and vice versa. 


Measure 


the distance between the centre of the lens and the same needle, 


along the-principal axis. 


The difference between the two readings 


will give the distance d through which the lens has been moved. 


Alter the distance 7] between the two needles by 10 cms., 


at a time and repeat the experiment. 


readings. 


~ 


Take three or four 


The focal length of the lens is calculated from the formula 


Tabulate the results as follows :— 





Distance of lens from 


Distance * first needle 
between 
needles , 
] in posi- in posi- 
tion I tion IT 
d, d., 
rs ens: = cms 


Mean focal length 














Distance 

between 

the two | [2 — q? 

positions ao ee 

= Gs en wees 
ae 


cms | cms 





= cms. 


(4) Using a plane mirror :—Place a mounted plane mirror 


close to the lens, parallel to it and facing it. 













Place a needle P on 
the other side of the lens, 
with its tip on its princi- 
pal axis. Look towards 


the lens from the side 


where the needle is placed. 
Rays of light from the 
needle after refraction 


_ through the lens, fall on 
= | _ the plane mirror and get 
; ected 1 rays. pass ‘through the lens and form a 
ee | = portion of the ace SO oe 
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. 
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the arrangment and repeat the adjustment. Take two or three 
readings and find the mean value of f- 


This method is suitable for both short and long focus lenses. 


(5) Using an auxiliary convex Jens :—Methods 1| to 3 are 
not suitable for convex lenses of long focal lengths (of more than 


‘a y) 
j 


Fig. 104 
one metre). The focals lengths of such lenses can be determined 
using a short focus convex lens; by the following methods. 
(a) Determine the focal length f, of the short focus 

lens alone by the u—v or the displacement methods. 

Combine the two lenses and determine the focal length F of 
the combination by the same methods. 
_ Iff, and f, are the focal lengths of the two lenses, and F, the 
focal length of the combination, 


Rta ee ee 


Substituting the values of F and f,, calculate f,. 


(b) Place P, one of the needles on one side of the short 
focus lens at a distance greater than its focal length. Adjust it, so 





%, 
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inverted image of the needle P by the parallax method, using the 
second needle. Measure the distance d, between the second 
needle and the lens along the principal axis. Interpose the long 
focus convex lens between the other lens and the second needle, 
so that the principal axes of the two lenses coincide. The second 
needle will no longer coincide with the image of the first needle, 
without parallax. Move it towards the lenses and adjust it, so 
that it again coincides with the image Q, of the first needle, without 
parallax. Measure the distance d,, between the short focus lens 
and the needle and the distance d, between the two lenses along 
the principal axis. . 


The short focus lens produces a convergent beam by refrac- 
tion. This convergent beam 1 is rendered more convergent by the 
long focus lens. Hence, “the first image is the virtual object for 
the long focus lens. “ 
af Mo {ep = 
and. Vi =~ (do. = d) 
[ u is negative since it is the distance of the virtual object.] 


Substitute the values of u and v in the formula 


at 1 1 I 
“ a. f and calculate f. 


Take three or four readings by changing the relative positions 


of the lenses and calculate f. 


ke —. the results as follows :— 
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Adjust the eye-piece so that the cross-wires can be distinctly 
seen. Mount a brightly illuminated scale at a distance of about 
iS to 20 metres from the telescope. Adjust the telescope so that 
the divisions on the scale are seen clearly in the telescope, coincid- 
ing with the cross-wires, without parallax. 


Attach the long focus lens firmly to the objective lens in 
the telescope with some wax. Move the combination towards 
the scale. Find the position when the scale divisions are again 
seen clearly in the telescope, coinciding with the cross-wires, 
without parallax. 

Measure the distance from the centre of the long focus lens 
to the scale along its principal axis. It will give the focal length 
of the lens. 


(B) Concave lens 
Procedure :—A concave lens always produces only a virtual 
image. Hence, a direct determination of the focal length is out of 
the question. Using an auxiliary short focus convex lens, or a 
concave mirror, the focal length can be determined. 


(a) Using an auxiliary convex lens 


(1) Choose a convex lens whose focal length f, is less than 
that of the concave lens, so that when the two are placed in 
contact, the combination will be convex. 





Fig. 106 


Find the focal length of the convex lens, by the vu — v or the 
displacement method, already described. Take six readings and 
find the mean value of f. 

Place the two lenses in contact. Determine the focal length 
F of the combination, by the u—v or the displacement method. 
Take six readings and find the mean value of F. 


’ % hy 7 
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The focal length of the combination of two lenses is given by 
the formula, 


; F = f, f 2 
F and f, being known, calculate /,. 

(2) Place a mounted needle P on one side of the convex 
lens, beyond its principal focus, with its tip on its principal axis. 
Look towards the Jens from the other side of the lens. Adjust 
ths second needle so that its tip coincides with the tip of the real, 
inverted image Q of the first needle. Measure the distance d, 
between the second needle and the convex lens. 
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Interpose the concave lens between the convex lens and the 
second needle, so that the principal axes of the two lenses 
coincide and the distance between the concave lens and the 
second needle is less than its focal length. The convergent beam 
falling on the concave lens becomes less convergent and so, the 
image is formed at a more distant point. Move the second 
needle away from the lens and adjust it, so that its tip coincides 
with the tip of the image Q,, witleout parallax. Measure d,, the 
distance between the convex lens and the second needle and d, 
the distance between the twq lenses. Now, 

| u = d, — d if “« 
Be and v=d, — d. 
~ Since, the object is virtual, u is negative. Calculate f, using the 
formula, 
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Tabulate the results as follows :— 
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. orake Rec weer 
Distance | Distance | as 
between | between |__ | a ae 

convex convex | Distance Sig BI 
lens and | lens and | between |dy—d jd —d! 1/j 1 ! ui|g 
first second lenses = U ue viu Ry = 
image image f Q 
dy do ee 
cms cms cms cms ems | cms 
Mean focal tength = cms. 


(6) Using an auxiliary convex lens and 2 plane mirror : 
Mount the convex jens with its axis horizontal. Place one of the 
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needles P on one side of it, with its tip on the principal axis of the 
convex lens. Look towards the lens from the other side. Placing 
the second needle Q between the eye and the lens, adjust its position 
so that its tip coincides with the tip of the invered'image of the 
first needle, without parallax. Now, piace a plane mirror facing 
the convex lens and parallel to it, just beyond this point. Look 
towards the lens from the side, where the first needle P is placed. 
Interpose the concave lens between the convex lens and the mirror, 
» so that their axes coincide. Move it to and fro, till the image of 
the first needle formed by the combination of the. convex lens, | 
\ ~ concave lens and the plane mirror coincides with the needle, an 






3 there is no parallax between them. Measure the distance oan | 
: the concave lens and the second needle Q. It will give the focal 
length of ae concave lens. Le 


zs SAR sai sos 
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the position of the second needle Q is the principal focus of 
ihe concave lens. 
(c) Using an auxiliary Concave mirror : . 
Mount a concave mirror on a stand with its axis horizontal. 





Fig. 109 

Place one of the needles in front of it, beyond its principal focus, 
with its tip on the prin¢ipal axis. Look towards the mirror and 
observe the reat, inverted image of the needle. Adjust the needle, 
so that its tip coincides with the tip of the image, without 
parallax. Measure d,, the distance between the centre of the con- 
cave mirror and the needle. Itis the radius of curvature of the 

mirror. | 
Interpose the concave lens between the needle and the concave 
mirror. The convergent beam falling on the concave lens becomes 
less convergent. So, the position of the image gets shifted away 
from the uirror. Adjust the needle, so that its tip again coincides 
with the tip Of the image without parallax. [It is essential 
that the position of the concave lens should be such that the 
convergent beam of light passing through it emerges as a ails se 

. beam. Otherwise, no real image is possible.] 













--—- Measure.d,, the distance between the needle and the eoneave 
_ mirror and d, the distance between the concave mirror and the 
ve oncave lens, measured alorg their principal axes. Now, 
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Tabulate the results as follows :— 


iL? 








SEE a, 
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Distance | Distance | Distance | | Ms 
-between | between | between | | 4 ‘oo 
concave | CONcave | concave/q,._.qi|q —d/ 1 i| > 
mirror andMmirror and} mirror | _ y be Say ale —s| , ul & 
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Mean focal length = cms. 
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EXPERIMENT 54 


REFRACTIVE INDICES OF CONVEX AND 
CONCAVE LENSES 


Aim :—To determine the refractive index of the material of 
(1) a convex lens and (2) a concave lens. 


Apparatus required :—Convex lens, concave lens, mounted 
needles. 
(A) Convex lens 


Procedure :—The formula for a spherical lens is, 


1 ; l 1 
pode) er 
where f is its focal length, R, and R, , the radii of curvature of the 
surfaces of the lens and -, its refractive index. ; 
(a) To determine the focal length f :— ; 

Determine the focal length of the convex lens, using one of 
the mounted needles as the object and locating its image with 
a second needle, by the method of parallax. Use both the u—v — 
and the displacement methods. Find the mean focal length. 
Tabulate the results as follows:— 

(i) u — v method 








Focal length f 
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(ii) Displacement method. 


























| 
Distance of lens from | | : 
Distance | one of the needles | | re TN Ai d? 
between | ; sale a8, 
needles | in position I lin position IT | ae 3 
i | d i ds | 
| | pate ene 
Mean focal length = cms. 


gt) To determine the radii of curvature of the surfaces 
of the lens—Boys’ method 

Mount the convex lens on a lens-stand with its axis 
horizontal. Cover up one of the surfaces with a black paper. 
Place the needle P, in frént 
of the other strface, with 
its tip on the principal axis 
of the lens. Look towards 
the lens from that side. 
liluminate the tip of the 
needle with bright electric 
light. The light must be 
shaded, so as not to fall on 
the eye or on the surface of the lens. 
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Place the needle close to the lens and move it away from it, 

till a real, inverted i image of the needle is seen. It is formed by 
the rays passing through the lens and partly getting reflected from 
the second surface. Adjust the needle, so that it coincides with its 
- own image without parallax, as the eye is moved from side to side. 
For this to happen, the rays must fall normally on the second 
_ face of the lens and retrace their path. Measure the distagce d 
_ between the centre of the lens and the needle along the principal 
praxis: Let f be the focal length of the lens. For image formation 
by the lens, be 
: ] 1 l 

, an Tt 
- It is obvious that, for the above position, the rice virtual image 
_ of the needle is formed at the centre of curvature O, of the second 








Lee 
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surface. Let R, be its radius of curvature. R, = v. Since the 





image is virtual, v is negative. u = d. So, 
‘ ] ] i 
DR ees 
rece a ee 
Mee ee d f 
eae 
oe 


Calculate Re, 


Do likewise for the other surface and determine R, its radius 
of curvature. 


Tabulate the results as fellows :— 


(1) Radius of curvature R, of secand surface 








= ae R, wT 
y boys 
method © d ) 





.. Mean R, = cms. 


(2) Radius of curvature R, of first surface 
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Place the two lenses in contact and mount the combination 
on a suitable lens-stand. Determine the focal length F, by the 
u—v method or the displacement method, using two mounted . 


needigs,. °° 
Then, determine the focal length f, of the convex lens alone, 
similarly. 








Now, 
l |e 
a aa 
1 2 
. 1 SES ae: idl 
f F es F x fy 
BT 
Pos a 
Focal length f, of the concave lens 
aione  ° ee aes 


(2) To determine the radii of curvature of the surfaces 
of the lens 

Mount the concave Jens on a lens-stand with its axis horizon- 
tal. Place a mounted needle in front of it. with its tip on the 
principal axis of the lens. 
Move it to and fro till, it 
coincides without parallax, 
with the tip of its own 
image formed by reflec- 
tion at the concave surface 
of the lens. Measure the Fie. il 
distance between the centre | : 
(of the lens and the needle along the pineipal axis. It is equal 
to the radius of curvature R, of the surface. 





_ Repeat the experiment with the other surface and measure R,. 
Now, : 
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EXPERIMENT 55 
REFRACTIVE INDICES—LIQUID LENS 


Aim :—To determine the refractive index of a liquid by 
forming a liquid lens. 
_ Apparatus required :—Concave mirror, convex lens, a strip 
of plane mirror, knitting needle, mercury float, liquid. 


(A) Concave mirror method 


Procedure :—Place the concave mirror flat on the table with 
its reflecting face upwards and its axis vertical. Clamp a knitting 
~ needle P horizontally. Adjust it, so 
that its tip lies on the principal axis 
of the concave mirror. The tip of 
the needle must be painted white. 
Keeping the eye above the needle, 
look towards the mirror. Observe 
the real, inverted image of the 
needle. Adjust the needle by raising 
or lowering it, till its tip coincides 
with the tip of the image, without 
parallax, when the eye is moved from 
side to side. Measure the distance R 
of the needle from the centre of the 

Fig. 112 mirror along the principal axis. 
This is the radius of curvature of the mirror. : 

Pour a small quantity of the liquid on the concave mirror, to 
a height of 2 to 3 mm.. The liquid will take up the shape of a 
plano-convex lens, the radius of curvature of the bottom surface 
being the same as that of the concave mirror. : 

“Look towards the mirror from above the needle. A real, 
inverted image is formed by the liquid lens and mirror. Adjust 
the position of the needle, till its tip coincides with the tip of 
the image without parallax, as the eye is moved from side to side. 
Measure the distance d from the surface of the liquid to the pin 
along the principal axis. 

The rays of light passing through the liquid lens are incident 
normally at the surface of the mirror, retrace their Bee and form 





REFRACTIVE INDICES—- LIQUID LENS 949 
an image by the side of the object. Hence, the virtual image of 
the needle due to refraction by the liquid. lens. must be formed - at 
the centre of curvature of the concave mirror. In the formula for 


a sphericat lens, 
ey 
| cf 
v= R,u=d. Since the image formed by the liquid lens is 


virtual, v is negative. So 


ee et 

meat 

: 2m Rise d 
os i Beal 


Take two or three readings. Calculate fin each case and find 


the mean. 
Now, f is the focal length of the liquid lens and R, the radius 
of curvature of one of its faces, the other face being plane. For 


a lens, 


R, 


= (Pf — D(R a | 


nas 
aR, 


: Tomcat 


R 

a oe, ee | 

Calculate !, the refractive index of the liquid from the known 
values of R and f. 


(5) Convex lens method | 


Procedure :—Place the rae mirror 
strip flat on the table with its reflecting 
face upwards. Place a double convex 
.lens on the mirror. Its axis must be 
vertical. Adjust the position of the 
mounted knitting needle P, so that its 
tip lies on the principal axis of the 
Jens. Look towards the mirror from 
above the needle. You will see its real, 
inverted image. Raise or lower the 
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needle, till its tip coincides with the tip of its image, without 
parallax, as the eye is moved from side to side. Measure the 
vertical distances of the needle from the 
surfaces of the mirror and’ the lens. 
Take their average. It will give the focal 
jength of the convex lens. Disturb the 
arrangement and repeat the experiment 
three or four times. Find the mean 
value of the focal length. Let it bef,. 


Introduce'a few drops of the liquid 
between the lens and the mirror. The 
liquid takes up the shape of a plano- 
concave jlens. So, you have now a 
combination of a convex lens and a 
plano-concave lens. Move the needle 
up and down and adjust it, so that 
its tip coincides with the tip of its image, without parallax, 
when the eye is moved from side to side. Measure the vertical 
distances of the needle from the surfaces of the plane mirror 
and the lens and find their average. It will give the focal length 
of the combination. Disturb the arrangement and repeat the 
experiment. Take three or four readings. Find the mean focal 
length F. | 
Now, for a combination of two thin lenses, 

1 I 

eee oo 
From the known values of F the focal length of the combination, 
f, the focal length of the convex lens, calculate f, the focal ies 
of the liquid concave lens. 

~ Remove the convex lens and wipe off the liquid eee its 
santas Float it ona pool of mercury kept in a china dish, 
with the same surface in contact with the mercury. Adjust the 
needle, so that its tip is on the axis of the lens. Look from above 
the needle.’ Raise or lower it, till its tip coincides with the tip of 
its own image, without parallax, as the eye is moved from side to 
side. Measure carefully the vertical distances of the needle from the 
surfaces of mercury and the lens. Take their average. Let it 
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be d. Disturb the arrangement and repeat the experiment. Take 


three or four readings. Find the 
mean value of d. 


Rays from the needle, 
passing through the lens, fall 
on its back surface and retrace 
their path, forming an image 
by the side of the object. 
[The mercury surface helps to 
reflect a large portion of the 
incident light and to form a 
bright image of the needle]. 
Calculate the radius of curva- 
ture R, of the bacék surface 
from the formula, 
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From the known values of f, and d, calculate R 


The formula for the liquid lens is, 
* Sees 8 | 1 1 
1) (= os 


Ty, 


where fai is its focal length, r, = R, the radius of curvature of its 
front surface, and rz = 00, 

es : 
=e a See : : 
he SE eae ae ake - = 1 + R, Voy 3 ai 
feria values of R, and f,, calculate /, the refractive 
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Bt: EXPERIMENT 56 


MAGNIFYING: POWERS OF MICROSCOPES 
AND TELESCOPES | 


. Aim :—To determine the magnifying power of (1) a simple 
microscope (2) a compound microscope and (3) a telescope. 
Apparatus required :—Two short focus convex lenses, a long 


focus convex lens, a vertical scale with large divisions marked on 
it, half-metre scales. ow | 


(A) Simple Microscope 


Procedure :—Any convex lens of focal length of about 
5 cms. can be used as a simple microscope. Its magnifying power 


. D ae: | 
1S ( “Le T) where f is its focal length and_D the least distance of 
distinct vision (25 cms., for a normal eye). | 


Find accurateiy the focal length of one of the short focus 
convex lenses, using a plane mirror and a mounted knitting needle. 


Mount the lens on a stand with its axis horizontal. Fit up 
two half-metre scales vertically on stands. Place one of the scales P 
in front of the lens near its 
principal focus. Place the 
second scale Q on the same 
side of the lens at a distance 
of 25 cms. from the lens. 


Keep your eye on the 
other side, close to the lens. 
Open both eyes. With one 
of them, look through the 
lens at the image of the 
first scale. With the other, 
look directly at the other 
scale. Adjust the distance 

Fig, 116 of the scale near the lens, 

till the clear magnified image 

of the scale divisions on it are superposed on the scale divisions 
on the second scale seen directly and there is no parallax 
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between the two. Find the number of divisions N seen directly, 
which coincide with the number of divisions n seen in the image 


i iy yaw 
Then ei the magnifying power. Take two or three readings 


Tabulate the results :— 
Focal length of convex lens. = f cms. 





Coinciding | 
Number of | 
divisions on eae oe N D 
: fadte of ivisions on aes ees 
. first scale second e ; 
a | scale 
| N. 





(B) Compound Microscope. ._ 
Procedure :—The compound microscope consists of a short 
focus convex lens, constituting its objective and another similar 


convex lens, constituting its eye-piece. If an object is placed at a 


distance of u cms from the objective, the magnification of the 
microscope is given by the formula, _ 


ween) +2) 


where f, is the focal length of the eve lens: and f; the focal 
length of the eye lens. 


Find the focal lengths of ie two short an convex lenses 
using a plane mirror and a mounted knitting oe 7 


_ -Use the convex lens of the shorter focal len gth as the’ objective 
and the other as the eye-piece. Mount the two lenses on stands 
with their axes horizontal and at the same. height from the table. 
Place a vertically mounted half-metre scale in front of the objestive, 
just beyond its principal focus. Locate its real image on. the 





other side with a mounted knitting needle. Place the other lens 
in front of the knitting needle, so that the axes of the two lenses 


coincide and the knitting needle is just inside the principal focus 
of the eye-piece. Remove the knitting needle. Place the other 


mounted scale at a distance of 25 cms. from the - eye-piece. Look 
through the lenses at the image of the first scale with one eye and 


“ 
re 


—E ee a ae 
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directly at the second scale with the other eye. Adjust the eye-piece 
lens, so that the magnified image of the scale divisions on the first 


se 
| 
| 
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scale are stinerposed on the scale divisions on the second scale 
and there is no parallax between the two. 


Find the number of divisions N on the second scale coinciding 
with n divisions on the first scale. Then, Nis the magnifying 


power of the microscope. Take two or three readings. 


Tabulate the readings as follows :— 
Focal length of the objective = f, 
Focal length of eye-piece = f, 








Distance of | Number of | Coinciding 

















first scale divisions | number of N es Po) 
from objec- on first j|divisions on ay Let im. ts 
tive scale 1 Efe 


‘second scaie 
ees," 


u n 


ow | | (C) Telescope 





Procedure : 
a convex lens of long focal length and for its eye-piece, a convex 


lens of short focal length. 
The magnifying power of a telescope for an object at infinity is 


given by p> where F is the focal length of the objective and f is the 
focal length of the eye-piece. — 
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If the distance of the object from the objective is D, then a 
small correction has to be applied. The magnifying power mp is 


given by, 
: F re a 
Eee e { 3 a 


i 2F 


Find the focal lengths of a long focus convex lens and a short 
focus convex lens, using a plane mirror and a mounted needle. 
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~ Mount the two lenses coaxially on lens-stands. Adjust the 
distance between them so as to be equal to the sum of their 
focal lengths. The combination constitutes a telescope. 


Hang a scale with large equal divisions marked onit, 
vertically, ona distant wall. Turn the telescope towards the 
wall. Look at the image ef the scale seen in the telescope with 

one eye and at the scale directly, with the other eye. The divisions 
‘on the scale should be large enough to be seen by the eye directly. 
Adjust the eye-piece so that, the scale divisions seen directly are 
superposed over the clear image of the scale divisions seen through 
the telescope, without parallax. Find the number of divisions n on 
the image, coinciding with the number of divisions N on the scale, 


i N eo 
seen directly. Then ac will be the magnifying power of the teles- 


29 
’ 
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cope. Take two or three readings. Measure the distance D 
between the objective and the scale. Alter the distance and 
repeat the experiment. Take six readings. 


Tabulate the results as follows :— 




















Focal length of objective = 32°4 cms. 
Focal length of eye-piece = 4-2 cms. 
Magnifying power for infinity | __ 32°4 
distance moo 4 42 
= TT 
Distance | Number ot Coinciding |Magnifying 
of scale |divisions on) number of power jy oom 
scale divisions on Mp ae 
N image 
n 
ne | 
825 cms. 16°5 | 2 8°3 
oa 17:0 2 8°5 
125. 5 9-0 1 9:0 
DOS kes 10:0 1 10:0 
Mean 





(D) Focal length of eye-piece 
The eye-pieces used in telescopes are made up of two convex 
lenses placed at a distance from each ‘other. The combination 
functions as the eye-piece. It is not possible to determine its 
focal length directly. So, the following method is used for 
determining its focal length. 

»Determine the magnifying power of a telescope experi- 
mentally. Keepa ver.ical scale at measured distances from the 
telescope, and by the method indicated above, find the magnifying 
power for each distance. 


Screw out the objective lens and find its focal length using a 
plane mirror and mounted needle. 


E Im 3 
ae cM ay 
froth 
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From the average value of - » and the known value of F, f can 


be calculated. 


Tabulate the readings as follows :— 











Focal length of objective lens == 15:2 cms. 
Sema ne 
Distance of | Magnifying | My oe 

scale | power | re i aes | 
D | Mp | = D 

| 

| | 
400 cms. 7°4 | 6°88 
SUD. w2 6°86 
800 $9 | fg 6°84 
i000 _,, | “7-0 | 6°86 

. ee staal 

Mean 6°86 





“. Mean value of = ==, 6°86 


The focal length) _ 15-2 
f of eye-piece a5 4 
= 2'2-cms. 


Alternative method :— 


Adjust the eye-piece of the telescope so that the CrOss-wires 
are distinctly seen. Turn the telescope towards a distant object 
and adjust it, so that a clear image of the distant object is 
formed on the cross-wires. Without disturbing the adjustment, 
Screw out the objective. Substitute in its place a disc with a 
circular hole. ° 


® 
Turn the telescope towards a white wall with its axis horizonal., 
Find the least count of a vernier microscope. Place it in front of 
the eye-piece. Turn it, so that its axis is horizontal and passes 
through the centre of the eye-piece. Move the microscope to and 
fro and focus it on the image of the circular hole formed by the 
gee oa. the diameter of the image of id circular 


. 
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Measure directly the diameter of the circular hole with the 
microscope. Letit be d,. Then, 


dy = F r f = FX dy 
ay f d, 
Tabulate the readings as follows :— 
Diameter of circular hole == ]°S) ie 
Diameter of its image = 
Focal length of objective = ee 
ih 22 ee = ae 
f = 39 ee -2°7 Cis. 
“, The focal length of the eyepiece = 2:2. cms. 
Note :— J go 
wo 
i . P+ tie 
es ee ie. i 
a dy, = u = F 
ee: ee ae ig 


EXPERIMENT 57 
RESOLVING POWER OF A TELESCOPE 


Aim :—To determine the resolving power of a_ telescope 
experimentally. 


Apparatus required :—Telescope, an adjustable rectangular 
slit, a wire-gauze with uniform meshes, sodium light. 


Procedure :—Mount the wire-gauge vertically infront of a 
sodium flame. Set up the telescope at a distance of 2 or 3 metres 
from_the illuminated wire-gauge, Aujust the telescope, so that 
the vertical and horizontal wires of the wire-gauze are seen clearly. 
Fit up the adjustable rectangular slit to a clamp with its edge 
vertical and place it close to the objective of the telescope. 


Looking through the telescope, adjust the width of the slit 
so that the vertical wires just disappear. Remove the slit and 
measure its width accurately with a vernier microscope. Measure 
also the distance between the wire-gauze and the telescope. 
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Increase the distance between the telescope and the wire- 

gauze by 100 cms. Adjust the width of the slit so that the 

vertical wires just disappear. Measure the width of the slit and 
the distance between the telescope and the wire-gauze. 


Repeat the experiment, increasing the distance between the 
telescope and the wire-gauze by 100 cms. at a time. In each case, 
determine the width of the slit for which the vertical wires just 
disappear. Take six readings. ° 

Remove the wire-gauze. Measure with a vernier microscope, 
the. length of, say, 10 meshes on the wire-gauge. Hence, calculate 
the distance between two adjacent wires. 


Theory :—Let d be the mean distance between two adjacent 
wires, D the distance between the wire-gauze and the telescope, 
a the width of the slit AB, when the vertical wires just disappear — 
and 2, the wave length of sodium light. 


Each source of light produces its own diffraction pattern at 
the focal plane of the objective. It consists of a bright central 


A l ? Q 
; eee | 
a — a ae : 
ee ~ | oe P 


aT i= 
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maximum, with subsidiary maxima and minima on either side of 
it. Two sources of light, close together, appear just separated, 
if the central maximum due to one of them falls on the first 
minimum due to the other (See fig.). The angular separation 9 


between the two is x, where > is the wave-length of the 


source of light and a the width of the aperture. 
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The angular separation @ of the two sources of light is . 


where dis the distance between the two sources and D is the 
distance between the sources and the objective. 


So, when the two sources just appear separate, | 


a DD. 
Pe ee | a 
7 known as the limit of resolution ands , the resolving power 
of the objective. 


Tabulate the results as follows :— 





; ‘ 
Mean width of a mesh in ge Mite : 
wire-gauze (d). 
; 
Wave-length of Sodium light. = 5893 x 10- § cms, 
Distance : 
between Width of d x 
wire-guage aperture i “a 
» and objective a x 104 x 104 
a ne 
100 cms. 0-048 cms. | 12°8 Is 
200"-,; O:096. 5., . 64 6°2 
400 ,, O18 2.45 a0 Ries 
10S, 0324-5, 1°8 1°8 
| | 
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EXPERIMENT 58 
« SPECTROMETER 
ANGLE OF PRISM-MINIMUM DEVIATION 
ce :-—To determine (1) the angle of a prism, and (2) the 


angle of minimum deviation for the prism, using a spectrometer 
and to calculate its refractive index. 


Apparatus required :—Spectrometer, equilateral glass prism, 


spirit level and sodium light. dt | 
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Description of apparatus :—The Spectrometer essentially 
consists of (1) a fixed collimator, (2) a telescope, (3) a horizontal 
circular scale and (4) a 
prism-tablé = with a 
circular disc carrying 
two verniers, attached 
to it. 


The collimator has 
a convex lens fitted at 
its, inner end and an 
adjustable rectangular 
slit, at its outer end. When the slit is illuminated and adjusted 
to be at the principal focus of the convex lens, a parallel beam of 
light emerges from the collimator. It is mounted on a fixed 
bracket, with its axis horizontal and pointing to the centre of the 
instrument. The slit and the convex lens are fitted to two 
different cylindrical tubes sliding into one another. A rack and 
pinion arrangement is usually provided for adjusting the distance 
between the slit and the convex lens. | 





The telescope is an astronomical telescope, with rack and 
pinion arrangement for focussing. The eye-piece is fitted with 
cross-wires. It is mounted on a bracket, with its axis horizontal 
and pointing towards the centre of the instr:ment. The telescope 
can be rotated about a vertical axis passing through the centre of 
the circular scale. 


- The circular scale, divided into degrees and half-degrees, is 
at the centre of the instrument.* It is attached to the telescope 
arm, so that when the telescope rotates, the scale rotates along 


with it. r 
2 


The prism-table, with a circular disc carrying the verniers, 
is mounted coaxially with the circular scale. They rotate about 
the same vertical axis. When the prism-table is rotated, the 
verniers move over the circular scale. The relative angular 
displacement between the telescope and the prism-table can be 
found out from the scale and the vernier readings. The verniers 
> On Opposite sides of the centre.of the disc, 
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The prism-table has two circular platforms, a lower one 
which is fixed and an upper one resting on three levelling screws 
fixed to the lower platform. By manipulating the levelling 
screws, the upper platform can be adjusted to be horizontal. It 
is intended for placing prisms and gratings. Its top surface is 
marked with parallel lines, parallel to the line joining two of the 
levelling screws. 


The telescope and the -prism-table are provided with radial 
screws for being fixed in any position and tangential screws for 
giving smail movements. 


Adjustments :—The instrument can be used, if (1) the colli- 
mator provides a parallel beam of light, (2) the telescope on 
receiving it forms a clear image on the cross-wires and (3) the 
prism-table is horizontal. 


Hold a white surface in front of the telescope and adjust the 
eye-piece so that the cross-wires are in clear focus. Look with 
one eye through the eye-piece and with the other at the white 
surface. The cross-wires must appear like two clear dark lines 
drawn on the white surface. 


Turn the telescope towards a distant object. Adjust it, so 
that a clear, well-defined image of the distant object is formed on 
the cross-wires, without parallax. 


Turn the telescope, so that its axis and the axis of ie colli- 
mator are along the same line. Illuminate the slit of the 
collimator. Adjust the distance between the slit and the lens in 
the collimator, so that a cleai, well-defined image of the slit is 
formed on the cross-wires, without parallax. The edges of the slit 
must be vertical. While taking readings, the point of inter- 
section of the cross-wires is made to coincide with the fixed edge of 
the nae of the slit, without parallax. 


Place a spirit-level on the prism-table, parallel to the line 
joining two of the levelling screws. _ Adjust one of them, so that 


the bubble comes to the -centre. Phace the spirit-level in a per- 


pendicular direction. Adjust the third levelling screw, so that the 
bubble comes to the centre. If the spirit-level is placed anywhere 


+ %e 
ww ee 
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on the table now, the bubble must remain at the centre. Hence, 
the prism-table is horizontal. 

[It may happen that, after the prism-table has been levelled, if 
the position of the spectrometer is shifted, the levelling gets altered. 
So, it has to be done over again. ] 


(A) ANGLE OF THE PRISM 


Procedure :—In the prisms used for spectroscopic work, two 
of the refracting faces are optically plane and- polished. The 
third face and the two sides are ground. Do not touch the 
polished faces with the hands. Lift the prism with the fingers 
pressing the ground sides. 

_ Examine the circular scale and the verniers. Find the value 
of each scale division:and each vernier division and calculate the 
least count. ) 

(1) Keeping the prism-table fixed :—Place the prism on the 
prism-table with its refracting edge at the centre of the table. 
Fix it with the prism clamp with 
the ground face close to it. Rotate 
the prism-table so that the edge 
“of the prism faces the collimator. 
Fix the prism-table. []luminate the 
slit. of. the collimator with soduim 
light. ~ [For this part of the ex- 
periment, you may use white 
light.] The parallel beam of light 
emerging from the collimator falls, 





ae 
on the polished - faces, on both Fig. 12! 

sides .of the refracting edge. Both | | 

the faces reflect the light falling on them. - 


me - Lurn the telescope to receive the beam reflected from one of 
the faces. If you are not performing the experiment in a ‘dark 
room, cover the collimator, telescope and the prism- table with a 
cloth. It will cut off . -extraneous light, from falling on the 
faces of the prism. Fix the telescope and adjust the tangential - 
screw till the point of intersection of the cross-wires coincides 
with the fixed edge of the slit, og parallax. [Do n&t keep 
30 
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the slit very narrow. It may be difficult to locate the image, 
if it is very narrow.] Read the circular scale and add to it 
the vernier reading, obtained by multiplying the coinciding vernier 
reading by the least count. Read both the verniers. 


Release the telescope. Turnitso as to receive the reflected 
beam from the other face. As before, make the point of inter- 
section of the cross-wires coincide with the fixed edge of the image 
of the slit, without parallax. Read the scale and the verniers. 
Alter the position of the prism and repeat the experiment. Take 
two or three readings. 


The angle between the two reflected beams is twice ‘the angle 
of the prism. So, half the angle through which the telescope is 
rotated, gives the angle of the prism. __, 


Tabulate the readings as follows :— 





(o) 
One main scale division _ : 
Be +9) 
One vernier scale division = 29° 
60 
@)] 
”, Least count of vernier = a 
60 
— 1 minute 





Reading of reflected ray 





en 


| Difference in reading 



















Trial ’ 
No. Left Right 
Vernier | Vernier | Vernier | Vernier] Vernier «| Vernier 
1 267°51' | 87952" | 147955’ | 327957’ | 119°56’ 119955’ 


2 | 333020’ | 153°21’ | 213°23’ | 33°257| | 119°57’ 119956’ 
3 | 108°41’ | 288938’ | 348°46" | 168°43’| 119955’ 119955’ 


Zz 
rea 
. 
ae 








Mean ) use 119°56’ 119€53° 


ay Mean angle of te - Ae ase 
i ee 


0 ; = 59 °58" . 
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(2) Keeping the telescope fixed :—After setting up the. prism 
as in the previous experiment, rotate the telescope, so that the 
reflected image from one 
of the faces is seen in the 
field of the view. Fix the 
telescope and with the 
tangent screw, make the 
point of intersection of 
the cross-wire coincide 
with the fixed edge of 
the slit, without parallax. 
Read the scale and the 
verniers. 


Release the prism- 
table and rotate it, so 
that the reflected image Fig. 122 
from the other face is now seen in the field of view of the 
telescope. Fix the prism-table. Work the tangent screw attached 
to the prism-table, till the point of intersection of the cross-wires 
coincides with the fixed edge of the slit. Read the scale and the 
verniers. 





From the readings, find the angle through which the 
telescope is rotated. Subtract it from 180°. The value obtained is 
equal to the angle of the prism. Alter the position of the prism 
and repeat the experiment. Take two or three readings. 


Tabulate the redings as follows :— 





























Least count of the vernier = 1’ 
: Pi A A REE aS ANCE IT 
Reading of Prismtable | . 
: | ; Difference in reading 
Trial Position | | Position II 
No. . 
: Se ee Sa Qs. 
Vernier | Vernier | Vernier | Vernie Vernier Verni 
A B A Be ce ay 
- SS 6 oc aa ; 
| 1 | 348°46’ | 168°43’ | 228°42’ | 48°41’ 120°4’ 120°2’ 
= eae 23192’ «| 101°)’ 41°F" 2 k27105’ 120°5’ 12004! 
3 Zane 20 | 52922": |-112°17' 4 292°17' | =: 12094" 120°5’ 








Mean | 12094’ | 12004’ 
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“. Mean angle of the prism = 180° 
—120°4' 
59°56’ 
.. Mean value of angle nye 
of the prism be sa 


(B) ANGLE OF MINIMUM DEVIATION 


Procedure :—Illuminate the slit with sodium light. Place 
the prism on the prism-table with its centre at the centre 
of the table. Fix it with the 
clamp. Turn the prism-table, 
oe 2 so that one of the polished 
faces receives the light obli- 
quely from the collimator. The 
base of the prism must be 
nearer the collimator than the 
edge. Only then, the beam of 
light will emerge from the - 
prism after refraction. Turn 
the telescope so that the 
refracted image of the slit 
is seen in the field of view. 
Rotate the prism-table slightly. 
Find out in which direction 
the image moves — towards 
the axis of the collimator or 
away fromit. Rotate the prism- 
table in such a_ direction 
that the image moves towards 
the axis of the collimator. 
Fig. 123 This means that the angle of 
deviation is decreasing. Move 
the telescope to keep the image in the field of view. Rotate 
the prism-table, till the image * ceases to move towards the 
axis of the collimator and retraces its path. Adjust the position 
of the prism-table, so that the image is nearest the axis of 
the collimator. This is the position of minimum deviation for 
the prism. Adjust the position of the telescope, so that the point 
of inter-section of the cross-wires coincides with the fixed edge 
of the slit. Make sure that any slight rotation of the prism- 
table in either direction results in the image moving only in one 
direction i.e., away from the axis of the collimator. Fix the 
prism-table. Read the scale and the verniers. 





Remove the prism without disturbing the prism-table, rotate 
the telescope, so that its axis and that of the collimator are 
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along the same line. Make the point of inter-section of the 
cross-wires coincide with the fixed edge of the slit. Take 
the reading. It is _ the 
direct reading. The difference 
between this reading and the 
previous one gives the angle 
of minimum deviation for the 
prism. 


Replace the prism, such ls 
that the beam of light will be 
deviated in the opposite direc- y . 
tion. Receive the emergent 
beam in the telescope and as 
described already, adjust the by 
prism-table for the position of 
minimum deviation. Move the 
telescope and adjust its pqsition a — 
so that the point of inter- 
section of the  cross-wires 
coincides with the fixed edge 
of the slit. Read the scale and & 
vernier. Remove the prism | 
and take the direct reading. 
The difference between the two 
readings gives the angle of minimum deviation. 





_ Fabulate the results as follows :— 























Position I, Position II. Angle of 
SR ee aaa Bek ta EG Ue Pate 
Trial No. Angle of 
. minimum : mum 
es : oe deviation. Seeone a Direct oe 
. soe 
ray Reading. ne Reading; ion 














73°20’ $4 795971... 38°39" 150°1’ |111°22’ | 38039’ 


A 
(2) 
«|Vernier A...) 20998’ 247951’ | 38°43” | 288040’ 1249958" | 38°42’ 
‘ ssf 29°9' | 67952" 38942’ 





ee See ee 
a 
‘[Wernier A...) 253°20’ 292°0’ 38°40’ oi Nae Ware PAS ar 38041’ 


38°43 108°41’ gl 


en 8 crn et ner oe 


| 


fp Bees 201915’ | 38°41’ | 241910’ 202028’ | 38°42’ 
i) pate. seef 342933’ | 21°17’ | 38°44’ 61°10’ ee 38°40’ 






ie Mean angle of minimum deviation = 38°41’ 
ee 
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(C) REFRACTIVE INDEX OF THE PRISM 

Sin (D + A) 

ite eee ; 2 

: . L Se Boe 

Refractive index of a prism / Sin A 
2 


_ where D is the angle of minimum deviation of the prism and A, 
the angle of the prism. 








Substituting, 
2 
fe = 5 
a 59°57’ 
2 
__ Sin 49°19’ 
> -ing9es0) See te 
 ¥. The refractive index of the prism for sodium \ Pa 1-518 
light 
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EXPERIMENT 59 
SPECTROMETER 


REFRACTIVE INDEX OF LIQUID—HOLLOW PRISM 


Aim :—To determine the refractive index of a liquid using a 
hollow prism by the minimum deviation method. 


Apparatus required :—Spectrometer, hollow prism, liquid. 


Procedure :—Adjust the eye-piece so that the cross-wires are 
seen clearly. Turn the telescope towards a distant object and 
adjust it for parallel rays. Place the telescope in a line with the 
collimator. Adjust the collimator, so that a well-defined image of 
the slit is seen in the telescope coinciding with the cross-wires, 
without parallax. Using a spirit-level, adjust the prism-table so , 
that it is horizontal. Find the least count of the vernier. 


(1) Angle of prism :—Fill the hollow prism with the liquid. 
Wipe the outside clean. Place it on the prism-table, with one of 
the edges, at the centre of the table, facing the collimator. 
Clamp the prism-table. Illuminate the slit with sodium light. 
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The beam of light emerging from the collimator falls on 
the two faces of the prism, on both sides of the edge. Rotate the 
telescope to receive the light reflected from one of the faces. 
Adjust its position, so that the point of intersection of the cross- 
wires coiricides with the fixed edge of the slit. Read the scale and 
the verniers. Note down the reading. 


Rotate the telescope so as to receive the light reflected from 
the other face. Adjust its position so that the intersection of the 
cross-wires coincides with the fixed edge of the slit. Read the 
scale and the verniers and note down the reading. 


The difference between the two readings gives twice the angle 
of the prism. Alter the position of the prism and repeat the 
experiment. Take two or three readings. Carefully mark the 
edge used. 


(2) Angle of minimum deviation :—Set the prism on the prism- 
table with its centre at the centre of the table and with one of its 
faces receiving the incident beam of light from the collimator, 
obliquely. Look for the refracted image and move the telescope to 
receive it. Adjust the prism-table and telescope for the position 
of minimum deviation of the prism. Fix the prism-table. Make 
the point of intersection of the cross-wires coincide with the fixed 
edge of the slit. | Read the scale and the verniers and note down 
the reading. 


Remove the prism without disturbing the prism-table, and 
rotate the telescope, so as to be in a line with the collimator. 
Adjust it, so that the point of intersection of the cross-wires 
coincides with the fixed edge of the slit. Take the reading. ~ 


The difference between, the two readings -gives the angle of 
minimum deviation. 


Place the prism on the prism-table, with the other refracting 
surface of the prism facing the collimator. Turn the telescope to 
receive the refracted beam. Adjust the prism-table and the telescope 
for the position of minimum deviation. Fix the prism-table. 
Make the point of intersection of the cross-wires coincide with 
the fixed edge of the slit, Take the reading, 
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Remove the prism. Take the direct reading. The difference 
between the two readings gives the angle of minimum deviation. 

Repeat the experiment and take two or three readings. 
Tabulate the readings as follows :— 

Liquid used — 3; Temperature of liquid = °C 
(1) Angle of prism 
Least count of vernier = 


Reading of reflected ray 














Tr = Left | Right Difference in reading 
tie } 
| ae ae See 
Vernier | Vernier Vernier | Vernier 
A | B A B 
| 
Z 
3 


.. Mean angle of the prism | 


I 


(2) Angle of minimum deviation 












Position I. Position II. 








‘Trial Ve i: ie di | lA le of! Readin a 
No plet=| = | iret ee f 5| Direct] _ 0", . 
; ade ene | re) read: | ee 
refracted ee | mum refracted oe mum 
faye &- ‘deviation ray. 8 | devia- 
ae ch Sas Sa. 
| 
| 





”. Mean angle of minimum deviation = 


(3) Refractive index :-— 
Sin (D + A) 
2 
A 


—_——— 


Sin 


2 
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Substitute the values of D and A and calculate F. 

‘", The refractive index of the liquid for sodium 

light at °C og) 

Note :—The glass plates forming the faces of the prism may 
not have optically plane and parallel surfaces. If they are 
detachable, they must be rotated through 180°. The edges of the 
plates nearest the refracting angle must be turned, so as to be 
nearest the base and the experiment repeated. Again while 
measuring the angle of the prism, you will see two images. The 
brighter one is due to reflection at the first surface. Use this 
image. 


EXPERIMENT 60 
SPECTROMETER 


(I — D) CURVE 


Aim :—To measure the angle of deviation for a prism 
for various angles of incidence, with the spectrometer and draw 
the (i — d) curve. 


Apparatus required :—Spectrometer, sodium light, equilateral 
glass prism. 


Procedure :—Adjust the spectrometer for use. Besides the 
usual method for adjusting the spectrometer, described in 
experiment 58, there is another optical method. You may learn 
the method. It is known as Schuster’s method. 


Adjust the eye-piece of éhe telescope, so that the cross- -wires 
are seen distinctly. 


Illuminate the collimator slit with sodium light. Place the 
prism’ on the prism-table, round about the position of minimum 
deviation. Turn the telescope so that the refracted image of the 
slit is seen in the field of view. Fix the telescope. If the prism- 
table is rotated, the image will move across the field of view. Find 
out in which direction the prism-table has to be rotated for the 


1 ROJA MUTHIAH 
" 47, HOSPITAL STREET 


EF SF NMITUIMN KTR TT LULL OM fCWDhUCU]TlhlUr OF 








242 rEXT BOOK OF PRACTICAL PHYSICS 


image to move towards the position of minimum deviation and 
retrace its path. You will find, that there are two positions of the 
prism-table, for which the image will be in the field of view of the 
telescope. In one of the positions, the incident beam will make 
a larger angle of incidence with the face of the prism than in the 
other. 


Suppose the image is not in clear focus. Then, in the more 
slanting position of the face of the prism, adjust the telescope, 
till the image is clear. Turn the prism to the less slanting position. 
Adjust the collimator, so that the image isin clear focus. Turn it 
back to the other position and adjust the telescope. Repeat ‘the 
process, till, in both the positions, the image is clearly focussed. 


(In practice, it is unnecessary to remember in which position 
the telescope must be adjusted and in ‘which position, the colli- 
mator. Find by trial, by adjusting the telescope in one of the 
positions and the collimator in the other, whether the focussing 
improves, as the prism is moved from one position to the other. 
Otherwise, reverse the order. This method was devised by 
Schuster, The adjustments can be done even in a dark room.| 


Then, level the prism-table. Set the prism, so that the 
refracting edge faces the collimator and one of the polished faces 
is perpendicular to the line joining two of the screws. Turn the 
telescope to receive the reflected image from this face. If the 
image of the slit is not in the centre of the field of view, adjust 
one of the levelling screws and bring the image to the centre. 
Turn the telescope, to receive the image due to the other face. 
Adjust the third levelling screw and bring the image to the centre. 
Turn it to the other position and adjust again the first levelling 
screw, if necessary, to bring the image to the centre. Repeat the 
proress, till the image is in the centre of the field of view in both 
the positions. ' 


Get familiar with the above method of adjusting the spectro- 
meter. It will be of great use. 

(I — D) CURVE 

To draw the (i—d) curve, you must find the angles of 

deviation, for various angles of incidence. Place the 
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telescope in a line with the collimator. Adjust its position so 
that the point of inter-section of the cross-wires coincides with 
the fixed edge of the slit. Fix the prism-table. Take the reading. If 
this reading is adjusted to be 0° or 180°, it will be convenient. 
This is the direct reading. If the prism-table is not disturbed, 
this reading will be the same, whenever the telescope and the 
collimator are in a Jine. Read both the verniers. 


From the direct reading, subtract (180 — 21), where i is the 
required angle of incidence. Rotate the telescope and fix it in 
the*position T, corresponding 
to the above reading. The 

angle between the axes of the a 
collimator and the telescope 
will be 2i. Set the prism 
on the platform, with one of 
its faces receiving the incident 
beam from the collimator 
and with the centre of the 
prism coinciding with the 
centre of the platform. 


The platform rests on a 
vertical rod passing through 
a sleeve at the centre of the 
circular disc carrying’ the Fig. 125 
verniers. It can be raised 
and lowered and clamped in any position. It can also be 
independently rotated about a vertical axis, passing through’ its 

~ centre, when the circular disc is fixed. 


Now loosen the clamp and slowly rotate the platform al8ne 
so that the reflected image is received in the telescope and the 
fixed edge. of the slit coincides with the point of inter-section of 
the cross-wires. Take care that the position of the circular 
disc carrying the verniers is not disturbed. Since the angle 

_ between the collimator and the telescope is 2 i, the angle of 
incidence is i. Release the telescope, turn it round to T, to receive 
the refracted image. Adjust it, so that the point of inter-séction of 


” | 
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the cross-wires coincides with the fixed edge of the slit. Note 
the reading. The difference between this reading and the direct 
reading will give the angle of deviation corresponding to the 
angle of incidence i. Remember that the value will be correct, 
only if the circular disc carrying the verniers had not been 
disturbed during the above manipulation. | | 


Start with the value of iat 35° and find the angle of devia- 
tion. Repeat the experiment. for values of i equal to 40°, 45°, 
50°, 55°, 60° and 65° and find the angle of deviation corresponding 
to each angle of incidence. Depending on the material of the 
glass, for angles of incidence less than 35° and greater than 65°, 
there may not be any refracted ray. 


Tabulate the ‘results as follows :— 








Least count of vernier cacce  fS 
Vernier A. Vernier B. 
Direct reading. Q°2’ 180°0’. 
Readitg of 
Angle of 
re el deviation 
Angle of Reflected ray Refracted ray 
incidence. 
Vernier | Vernier | Vernier . Vernier | Vernier | Vernier 
ee i> seas A B 
( 
| 
| 
35° 110°2’ | 290°0’ 3 16°32’ 136°3\)’ 43°30’ | 43°30’ | 
40° 100°2’ | 280°0’ 319°46’ 139°44’ 40°16’ | 40°16’ 
45° 90°2’ | 270°0’ 320°54’ » 140°54’ 39°98’ 39°6’ 
50° 80°2’ | 260°0’ 321°4" 141°3’ 38°58’ | 38°57’ 
55° 7092’ |} 250°0’ | 320°27/ 140°27’ 39°35’ | 39°33’ 
60° 60°2’ | 240°0’ 319° 19’ 139°18’ 40°43’ | 40°42’ 
65° 50°2’ | 230°0’ | 307927’ 127°26’ A293.4’ 











Graph :—Represent angles of incidence along the X axis and 
angles of deviation along the Y axis. Plot a graph. Draw a 
smooth curve through the points. You will get a symmetrical 


curve w:th a minimum. From the curve, read the angle of 


te 
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finimum deviation and the angle of incidence at the position of 


ae as 


minimum deviation. 


You will find that 
for any other angle of 
deviation, there are two 
angles of incidence, one 

greater than the angle 
of incidence at the posi- 
tion of minimum devia- 
tion and the other less. 


a : 
eS SSSR Aa 
ee reset tll il al 
or inter-changeable posi- 
— tions. Ea. ae 


If 11s the angle of 
incidence at the position 
of minimum deviation, D 


the angle of minimum deviation, and A the angle of the 
prism, then | 





A =(2i—D). 
If i, andi, are the angles of incidence for any other angle of 
deviation d, then 


Mai, i, —d. 


Thus, you can find the value of A from the graph. 


( 
| 


Angles of incidence 
Angle of 
deviation d 





JA=i, +i, —d 
1, i, a. 


7-7—-_-—- — 


* 








sal 


Mean A = 
Calculate / from the known values of D and A. 


Note.—You have been asked to fix the circular disc in the 
prism-table and only manipulate the platform at the *top for 
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altering the position of the prism. This is to get over the 
difficulty of having to take the direct reading every time. The 
above manipulation may be difficult, particularly with an old 
spectrometer. In such a case, you need not try to keep the direct 
reading constant. After taking the reading of the refracted ray, 
take the direct reading and find the angle of deviation. Use this 
direct reading to adjust the position of the telescope for the next 
angle of incidence. Though this may involve extra trouble, it is 
safer. 


EXPERIMENT 61 
SPECTROMETER 


(IL, —1,) CURVE AND STOKE’S FORMULA 


Aim :—To measure the angles of emergence i, for various 
angles of incidence i, and draw the (i, —i,) curve for a prism 
and calculate its refractive index, using Stokes’ formula, 


Apparatus required :—Spectrometer, sodium flame, equi- 
lateral prism. 


(A) (1, —I,) CURVE 


Procedure :—Adjust the eye-piece, so that the cross-wires are 
seen distinctly. Adjust the collimator and telescope for parallel 
rays and level the prism-table. 

Illuminate the slit with sodium light. Turn the telescope so 
as to be in a line with the collimator. Adjust it, so that the point 
of inter-section of the cross-wires coincides with the fixed edge of 
the. slit. Fix the prism-table. Read the scale and both the 
verniers and note down the readings. [It will be convenient, if 
these readings are adjusted to be 0° and 180° respectively. This 
can be done by fixing the telescope and rotating the prism-table.] 
This is the direct reading. Fix the prism-table. 


Set the prism on the platform in the prism-table with its 
centre at the centre of the platform and one of the polished faces 
facing the collimator. 


& 
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From the direct reading, subtract (180 —2i,), where i, is 
the required angle of incidence at which the prism has to be 
set. Turn the telescope and set it at that reading (T,). 


Loosen the clamp used for fixing the platform on the 
prism-table. Without disturbing the position of the circular disc 
carrying the verniers, slowly rotate the platform alone, so that the 
reflected image comes into the field of view. Carefully adjust it so 
that the fixed edge of the slit coincides with the point of inter- 
section of the cross-wires. 


Release the telescope and turn it round to get the refracted 
image. Adjust it, so that the fixed edge of the slit coincides with 
the point of inter-sec- 
tion of the cross-wires. 
Fix the telescope (T,). 
Read the scale and 
the verniers and note 
down the readings. 


Turn the platform 
alone slowly, without 
disturbing the positions 
mi the cigcular disc 
and the telescope, till 
the other — refracted 
image comes into the 
field of view of the 
telescope. [Except in 
the position of mini- he 
mum deviation, for every other position there are two 





Fig. 127 


angles of incidence, for which the deviation will be the 


same.] Adjust the platforth carefully, so that the fixed 
edge of the slit coincides with the point of inter-section of | 
the cross-wires. Clamp the platform: Release the telescope. 
Turn i¢ round and get the reflected image from the other face, in 
its altered position (T,). Adjust it, so that the point of inter- 
section of the cross-wires coincides with the fixed edge of the slit. 
Read the scale and the verniers and note the reading. The 
difference between this reading and the direct reading -will give. 


. 
4 
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(180 — 2i,), where i, is the angle of incidence in the second 
position of the prism. Calculate i,. 


For a prism, the angle of incidence and the angle of emer- | 
gence are inter-changeable. When one of them is the angle of | 
incidence, the other will be the angle of emergence and vice versa. — 
Hence, i, and i, above, represent the angles of incidence and 
emergence, for the angle of deviation d. 


Starting with the angle of incidence i, at 35°, find the value 
of i,. Repeat the experiment for values of 1,, 40°, 45,00 23am 
60° and 65° and determine the corresponding value of i, for 
each. 1 


Note.—It is convenient to maintain the direct reading 
constant, by fixing the circular disc carrying the verniers and 
manipulating the platform alone. This requires skill. It is also 
possible only, if the spectrometer is in very good condition. So, 
you may determine the cirect reading, every time the prism- 
table is rotated for getting the image into the field of view of 
the telescope and useit. Though this is more laborious, it is safer. 


Tabulate the readings as follows :— 


Least count of the vernier 























N 
g Reading of — 8 
3 ee 
-= |(180—) Reflected ray Direct ray Ss 
Cee 21 i) ee on 
2 Bae s ) 
2 Vernier | Vernier | Vernier | Vernier | Vernier | Vernier | = 
a. bes A B A B A B = 
< LSS 











35° | 110°} 65°35’ | 245937’) 20°1” |, 20001’ | 45934’| 459367167913’ 
20° | 100°! 70°39’ | 250°40'/ 9°33’ 189933’, 6196’ | 6197" 64027’ 
45° | 90°] 81°53’ + 261952) 8°14’| 188915} 73939’| 73°37’/53°11' 
50° | 80°] 85°31” - 265°31’| 5°27’ | 185927’ 80°4’ , 8004’ 149059” 
550 | 70°] 84°22’ | 264°21’| 351°12’] 171911} 93°10’| 93°10'|43°25" 
60° | 60°} 91°23’ 271°23'| 350°30’ | 170°31’| 100°53’| 100°52’|39°34’ 





65° 50°) 94°20" | 274920) 34797" | 16798" | 107913") 10 Ts aa ae 











[In the above set of readings the direct reading was not 
maintained constant. After taking the reading of the second 
reflected ray, the direct reading was taken every time.] 
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Graph :—Represent i, along the X axis and i, along the Y 


axis. Take (1) the same scale in both axes and (2) the same value 


of the angles at the origin. y 


PREEEEE 
aeSmnae 
CEN 
bea cGRs > 


ee 
a2 CER ASS 


If A is the-angle of 30 
the prism and i, the angle Fig. 128 
of incidence in the position 
of minimum deviation, 
D =21—A. 
where D is the angle of minimum deviation. Find D from the 
known values of i and A. Calculate the refractive index /4, 


70 





Plot the points and 
draw a smooth curve 
through them. You will 
get a hyperbola. Draw 
the bisector at the origin. 
The point where it cuts *%0 
the..curve will correspond 
to the angle of incidence a 
at the position of mini- 
mum deviation. 














Sin (D + A) 
Refractive index 4 = : 
Sith. 
2 
Sin = | 
= 2 since ee ee A 
he. 2 
Sin 
in = 
(B) STOKE’S FORMULA ‘ 


Consider the refraction of a ray of light through a prism. 

Let i,, be the angle of incidence, and r,, the angle of refraction at 

the first face, r, the angle of incidence and i,, the angle of refrac- 

tion (emergence) at the second face, d the angle of deviation for 

i and A, the angle of the}prism. Then 
— Sin iy io) SOI: 15 

Sin r, Sint, 





32 
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From this, the following expression can be derived. 


Tan bs] Tan fei re | 


ees Tan t,—T,. \ 
ta at) 


It is known, that (r, + rz) = A. 
me i Say = 
Tan ea ae Tan (>) 
att 
2 


_ Tan i, +1, 
2 


| ie : 
Tan ( : 5 3 can be calculated. Hence, (r,; —r,) is 





= stile. ae 
ES 
ve = 





1,,1, and A are known, 





= 
~ 


known. Since r, +r, = A,r, and +, can be calculated. i,, 
>t, andr, are known. So, can be calculated. 


Tabulate the readings as follows:— 
[Angle of the Prism = 60°10’]. 








| , Sin i; .| Sin i, 


a ER ee ee ae ee ee RE SP NAR SRE | 


5° | 67°13"). “gags” | = 4947 1-505 





1:505 
fo oo ee 28°2’ 32°8’ 1°505 1°507 
Sores AIS 32-59" 24 Ad 1°505 1-504 
63°) 36°24" SF 23° 10 1:506 1°505 
. ., Average refractive index of sodium light ==» 1+505 


Saree Serer. ety 


= EXPERIMENT 62 
SPECTROMETER 
SMALL-ANGLED PRISM ©. é 


Aim :—To determine the refractive index of the material of a 
small-angled prism. 
Apparatus required ;—Spectrometer, small-angled prism, 


sodium light. 


SPECTROMETER—SMALL ANGLED PRISM - 951 


Procedure :—Adjust the eye-piece, so that the cross-wires are 


distinctly seen. Adjust the telescope and collimator for parallel 


rays. Level the prism-table. Illuminate the slit with sodium 
light. 


(A) Angle of the prism 


Set the prism on the prism-table with its refracting edge at 
the centre of the table and facing thecollimator. Turn the 
telescope, so that the image of the slit due to reflection at one of 
the faces is seen in the field of view. Adjust it, so that the point 
of.anter-section of the cross-wires coincides with the fixed edge 
of the slit. Read the scale and the verniers and note the 
readings. 

Fix the telescope. Rotate the prism-table, till the reflected 
image due tothe other face is seen in the field of view. Adjust 
the prism-table so that the fixed edge of the slit coincides with the 
point of inter-section of the cross-wires. Read the scale and the 


- verniers and note down the readings. 


ee 


pape e 
J 


Find the difference between the two readings and subtract it 
from 180°. That will give the angle of the prism. [This method 
is better for this experiment, than the other method in which the 
prism is kept fixed and the telescope is rotated. ] 


Change the position of the prism and repeat the experiment. 
Take two or three readings. 
(B) Angle of deviation for normal incidence 


Procedure :—Bring the telescope in a line with the collimator 
and take the direct reading. Fix the prism-table. From the 


_ direct reading subtract 90°. Turn the telescope and set it for this 


oie 


reading. * 
t eo 
Fix the telescope. Turn the prism-table, so that the reflected 


“image due to one of the faces comes into the field of view. 


Adjust, so that the point of inter-section of the cross-wires coin- 


cides with the fixed edge of the slit. Take the reading. Subtract 


from it, 45°. Rotate the prism-table and set it for this reading. 
The face of the prism near the collimator will now be normal to 
the axis of the collimator. Fix the prism-table, A 


es 


ore. * 
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tars, 5 
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Release the telescope and turn it, so that the refracted image 

of the slit is seen in it. Adjust it, so that the fixed edge of the 
slit coincides with the point 

of inter-section of the cross- 


'& wires. Read the scale and 
a the verniers. Note down the 
readings. 


of deviation. 


\ D ‘Repeat the experiment 
| ey by setting the other face for 


: | = Remove the prism. Bring 
the telescope in a line with 
the collimator. Adjust it, so 
that the point of inter-section 

90° of the cross-wires and the 

\. NS fixed edge of the © slit - 

Al “yh coincide. Take the reading. 
eat The difference between the 
two readings gives the angle 





eS normal incidence and measu- 

= ring the angle of deviation. 
tel oe td If A is the angle of the 
/ prism and d, the angle of 
deviation for a ray incident 

Fig. 129 normally at the first face, 

Sala Sin (d + A) 
Refractive Index as 
Tabulate the readings as follows :-— 
(1) Angle of the prism. 


Least count — ‘|i, 





Reading of prism-table 





Difference in: ~ 




















ae i Oe ae i reading 
Position | Position II 0 sa fe) 
e 
By i ee | eee ee prism 
Vernier ; Vernier Vee | Mn yong Vernier (180—@) 
A B 





> bagleeaestio gt 


dl diaaleiel 
ce Mean | 





| iene formula, 
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IT, Angle of deviation :~ 








Position I Position II 
| 
Reading | 7: Angle |Reading ; Angle 
of refrac- Direct of lof refrac- D La 





reading ee 


ted ray iation| ted ray | reading deviation 


ee 


Vernier 
A 





Vernier 
B 








RE OE a OT VE AS 


‘Mean angle of deviation= 
From the formula, calculate /, using the values of A and d. 
(C) Minimum deviation 

Procedure :—Set the prism with its centre at the centre of 
the table. Turn the telescope and get the refracted image of the 
slit in the field of view. Turn the prism-table and the telescope 
and adjust the prism for the position of minimum deviation. Set 
the point of inter-section of the cross-wires on the fixed edge of the 
slit and take the reading. Remove the prism. Bring the telescope 
in a line with the collimator. Adjust, so that the point of inter- 
section of the cross-wires coincides with the fixed edge of the slit 
and take the direct reading. The difference between the two 
readings gives the angle of minimum deviation. 

Repeat the experiment with the rays of light from the colli- 
mator incident on the other face. 

Alter the position of the prism on the prism-table. Repeat 
the experiment and take twg or three readings. Find the mean 


_ value of the angle of minimum deviation. a 


From the known values of the angle of the prism and the 
angle of minimum deviation, calculate the refractive index, using 


sin D +A 





Sin 


*S 
| 
nN] >| 
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(D) Angle of ineidence at the first face when refracted 
? ray emerges normally from the second face. 
Procedure :-—Set the prism with its centre, at the centre of 
the table, and with its face normal to the rays coming from the 
collimator, following the method given in (B). 


Turn the telescope so that the refracted image is seen in the 
field of view. Adjust it so that the point of inter-section of the 
cross-wires and the fixed edge-of the slit coincide. 


Fix the telescope. Rotate the prism-table, so that the image 
moves towards the position of minimum deviation, retraces its 
path and again coincides with 
the cross-wires. Adjust the 
prism-table, so that the point 
of inter-scction of the cross- 
wires and the fixed edge of 
the slit coincide. Read the 
scale and the verniers. Note 
down the reading. 


[In the former position 
of the prism, the incident ray 
was normal to the first face 
of the prism. In both the 
positions, the angle of devia- 
tion is the same. Hence, in 
the latter position of the 
prism, the emergent ray must 
be normal to the second face 
of the prism. | 





Fig. 130 ers 
- Fix the prism-table. Release the telescope. Turn it round 
so that the reflected image from the first face is seen in the field 
of view. Adjust it, so that the point of the inter-section of the 
-. eross-wires coincides with the fixed edge of the slit. Take the 
reading. 
Remove the prism. Bring the telescope in a line with the 
collimator and take the direct reading. The difference between 
= two ieadings gives (180 — : 1 1) From this, calculate oa the 


r % - 
Ss ~# 
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angle of incidence at the first face, when the refracted ray emerges 
normally from the second face. a: 
Now, i, is the angle of incidence at the first face. The angle 


of refraction is equal to A, the angle of the prism, since the 
tefracted ray is normal to the second face. Hence, 


Sin 1, , 
Sin A 


Tabulate the readings taken. . 


Refractive Index 


EXPERIMENT. 63 
SPECTROMETER 
TOTAL REFLECTION—REFRACTIVE INDEX 


Aim :--To determine the critical angle of glass using a prism 
and the spectrometer. 

Apparatus required -—Spectrometer, a glass prism with one 
of its faces unpolished, sodium light. 


Procedure :—Adjust the eye-piece, so that the cross-wires are 
distinctly seen. Adjust the telescope and collimator for parallel 
rays. Level the prism-table. Illuminate the slit with sodium 
light. 

Determine the angle of the prism by one of the methods 
described in experiment 58. 

Set the sodium light, so that its light falls on the unpolished 
(or ground) face of the prism. Turn round the telescope to face 
one of the polished sides of the prism. You will observe two 
regions, illuminated to different extents and separated by a 
vertical line. Make the point of inter-section of the cross-weres 
coincide with the line. Read the scale and the verniers and note 
down the reading. | 


Rotate the telescope to face the other polished side. Adjust - ee 
it, so that the point of inter-section of the cross-wires coincides _ 
with the line of separation of the brighter from the less bright 
ee Take the reading. 


* 
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Let the difference between the two readings be 9. Let r be 
the angle between the emergent ray and the normal at the line of 
separation. Let A be the angle of the prism. Then, if the 
telescope is rotated from one side to the other round the base, 

6 = (180—2r)+ A 
180 + A—@ 

y 

If the telescope is rotated from one side to the other round. 
the refracting edge of the prism, 9 = 180 + 2r + A. 

Then, r = ge 


Cr = 


Let C be the critical angle andi the angle of incidence for 
which r is the angle of refraction. Then, 





te = PF andsin C = on 
Also, C+1 =A. 
Sinr = F sini 
= / sin (A—C). 
= fF sin A. cos C 
— cos A. Sin C 
= Sin A. Cot C 
—Cos A. 
aos a 
2 1 —, - 
Now, bE = Sin? C = + Cot? eB 
Sin r + Cos A\? 
mat fees cd 


~ From the known values of A and r, calculate the refractive 
index F. | 
[Let ABC represent the prism. Let BC be the ground face 

and AB, AC the polished faces. When BC is illuminated, every 
point in it sends out light in all directions. Take a point P init. 
Consider the ray PQ incident at the face AC at an angle slightly 
greater than the critical angle C. You can take it to be practi- 
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cally equal to C. Let it be reflected along QR, incident at face 
AB at angle i and emerge along RS at angler. Rays from other 
points on BC parallel to PQ will all emerge parallel to RS and 
get focussed along the line of separation of the two regions. 
Rays from P incident on AC at angles less than C are partiall;; 
reflected, while rays incident on AC at angles greater than C are 
totally reflected. All these rays emerge from face AB in a 
different direction. So you get two regions, one brighter than the 
other, separated by a line represented by RS.] 


a ee 


EXPERIMENT 64. 
SPECTROMETER 
SOLAR SPECTRUM—DISPERSIVE POWER OF PRISM 


Aim :—To determine the refractive indices of the Fraun- 
hofer’s lines in the Solar spectrum formed by a prism and to 
calculate its dispersive power. 

Apparatus required :—Spectrometer, glass prism, plane 
mirror. 


(A) Fraunhofer’s lines 


Procedure :—Adjust the eye-piece in the telescope, so that the 
cross-wires are seen distinctly. Adjust the telescope and the 
collimator for parallel rays. Level the prism-table. 


Mount the plane mirror on a stand. Set up the stand at a 
place where sunlight falls on it. Adjust the plane of the mirror, 
so that the reflected beam of sunlight is horizontal. As the sun 
is constantly on the move, the plane of the mirror will have to be 
adjusted periodically to make the reflected beam fall on the slit 
of the collimator horizontally. 


Set up the spectrometer, so that the reflected beam of sun- 
light falls on the slit of the collimator horizontally and passes 
along its axis. To test this, examine the lens of the collimator. 
If the outline of the slit due to the sunlight falling on the lens is 
seen at its centre, it means that the light travels along the axis of 
the collimator. ° 

i 
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Place the prism on the prism-table with the refracting edge 
facing the collimator. Determine the angle of the prism by one 
of the methods described in experiment 58. 


Adjust the position of the prism, so that one of the faces 
receives the light emerging from the collimator. Rotate the 
telescope to receive the emergent beam. You will see a conti- 
nuous spectrum in the field of view with the red end deviated least 
and the violet end deviated most. 


Slowly reduce the width of the slit in the collimator. If the 
slit is very narrow, the dark lines in the solar spectrum, known 
as the Fraunhofer’s lines, will make their appearance. These 
dark lines are vertical and found in every part of the spectrum 
from the red to the violet end. [You will also notice horizontal 
dark lines making their appearance, when the slit is made very 
narrow. They are due to tiny dust particles on the two sides of 
the slit. These particles can be removed by cleaning the slit edges 
with a pointed stick made of hard wood.] Learn to identify the 
more prominent among the lines—B, C, in the red region, D in 
the yellow region, E, b in the green region, F and G in the blue- 
violet region. 


Start with the B line. Fix the prism-table. Loosen the 
platform carrying the prism and turn it to and fro so that the 
prism is in the position of minimum deviation for the B line. 
Set the point of inter-section of the cross-wires on the B line 


and take the reading. 


Next, adjust the platform, so that the prism is in the position 
of minimum deviation for the C line. Make the point of inter- 
section of the cross-wires coincide with the C line and take the 


reading. 


Repeat the experiment, adjusting the platform carrying the 
prism, so that the prism is in the position of minimum deviation 
for each one of the lines mentioned above — D, E, b, F and G. 
Make the point of inter-section of the cross-wires coincide with 
-. each one of the lines in the position of minimum deviation and 
take the torresponding readings. 


, 
f, Rete 


er 
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Remove the prism. Take the direct reading. From the 
direct reading and the readings taken above, calculate the 
angle of minimum deviation for each of the above mentioned 
lines. 

Note :—It is absolutely necessary that the adjustments for the 
minimum deviation position for each line must be done by mani- 
pulating the platform only, without disturbing the position of the 
circular disc carrying the verniers. If this is not possible, take 
the direct reading, after the reading at the minimum deviation 
position for each line has been taken. 


Reverse the position of the prism on the prism-table, with 
the other face receiving the beam of light from the collimator. 
Repeat the experiment and find the angle of minimum deviation 
for each of the lines. 


Calculate the refractive index for each of the lines from the 


formula, 





























sin D+ A 
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Il. 
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Angle of minimum 


Line observed deviation 


Refractive Index 


— 
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(B) Dispersive power of a prism 


Procedure :—The dispersive power of a prism is calculated 
from the formula, 


EF -- FEC 
-HD— 1 


where FF, /D and FC are the refractive indices of the F, D, 
and C€ lines respectively for the prism. 


From the values of / obtained for the F, D and C lines, in 
the above experiment, calculate the dispersive power of the prism. 


Dispersive power = 


Note :—It is not always possible or convenient to perform an 
experiment using sunlight and calculate the dispersive power. 

A hydrogen discharge tube can be used instead. The 
refractive indices of the lines in the red and the violet regions can 
be determined and used for calculating the dispersive power. 

When the dispersive power is given, the particular lines 
chosen in the red and. violet regions for the calculation must be 
specified. 


EXPERIMENT 65 
NEWTON’S RINGS 


Aim :—To determine the wave-length of sodium light by 
forming Newton’s Rings. 

Apparatus required :-—Newton’s rings apparatus, vernier 
microscope, sodium lamp, mercury float, plane mirror. 


Description of apparatus :—A long focus double convex 
lens or plano-convex lens (about 3 to4 cms. in diameter) is place 
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on an optically plane glass plate, with the convex surface resting on it. 
A glass plate with parallel sides is fitted above the combination at 
an inclination of 45° to ; 
the horizontal’ A micro- 
scope is set up above the 
plate with its axis vertical 
and passing through the 
metre Of the lens. It is 
used for measuring the 
diameters of the rings formed 
in, the air film round the 
point of contact of the lens 
and plate. 





Light from a sodium 
lamp, rendered .parallel by 
a convex lens, falls horizon- 
tally on the inclined glass plate. It is reflected on to the 
convex lens and the plate under it. They retrace ‘their 
path and pass through the microscope. Due to interference 
between the rays of light reflected from the lower surface of the 
lens and the top surface of 
the plane glass plate, dark 
and bright rings are seen in 
the air film between the two. 


Procedure :—Adjust the 
eye-piece of the microscope 
so that the cross-wires are 
distinctly seen. Raise or 

_ lower the microscope till the 
concentric dark and bright 
rings, formed round the point 
of contact of the lens and 
plate. are in clear focus. ee 3 | 
Gently tilt the glass plate, so 
that the rings seen have maximum brightness. 


Fig. 132 





Find the least count of the vernier attached to the horizontal 
scale in the microscope. Move the microscope and see, if the 


Ad 
a 
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point of intersection of the cross-wires moves over the rings along 
their common diameter. Adjust the disposition of the cross-wires, 
so that one of them is perpendicular and the other parallel to the 
line of movement of the microscope. 


Move the microscope, so that the normal cross-wire passes 
over about 20 rings, say to the left. Then, adjust the microscope, 
so that the normal crcss-wire is at the middle of the 20th dark 
ring. Read the scale and the vernier and note down the reading. 


Move the microscope to the right, so that the cross-wire passes 
over to the next ring towards the centre. Make the cross-wire 
coincide with the 19th dark ring and adjust it, so that it is at the 
centre of the ring. Take the reading. Move the microscope and 
make the cross-wire coincide with the mid-points of consecutive 
dark rings. Take the corresponding readings. Stop at the 10th 
ring. 


Move the microscope, so that the cross-wire passes to the 
other side of the centre of the ring system. Make it coincide with 
the centres of consecutive dark rings, commencing with the 10th 
ring. Take the readings in each case. Stop at the 20th ring. 


Reverse the motion of the microscope. Take the readings, 
when the cross-wire coincides with the centres of the consecutive 
dark rings commencing from the 20th ring on the right of the 
centre. Stop at the 10th ring. Move over to the left of the 
centre. Take readings corresponding to the centres of the dark 
rings commencing from the 10th ring. Stop at the 20th ring. 


The difference between the readings on the left and on the 
right for any particular ring gives its diameter. 


Remove the lens and determine the radius of curvature of the 
surface which was in contact with the plane glass plate. Do this 
by any one of the methods described in experiment 54. The 
simplest is the following method. Flace the lens on a plane 
mirror. Mount a knitting needle above it horizontally. Adjust 
it, so that it coincides with its own image without parallax. The 
distance between the needle and the centre of the lens measured 

along the principal axis of the lens is equal to its focal length. 


Float the lens on a pool of mercury in a dish, with the surface 
that was used for forming rings, in contact with the mercury. 
Adjust the needle above it, so that it coincides without parallax 
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with its image formed by reflection at the surface in contact with 
the mercury. Measure the distance of the needle from the centre 
of the lens along its principal axis. Then, if dis the distance 
measured and f, the focal length of the lens, 
k= — (Boys’ method) 
The diameter of the Xth dark ring is given by the formula, 

De = 4X KR 
where Dx is the diameter of the Xth dark ring, X the wave 
length of light and R the radius of curvature of the surface used 
_ for forming rings with the plane surface. 

There is, generally, some uncertainty in counting the rings 
from the centre. So, the following method of calculation which 
eliminates X, is adopted. 

Dx’ =4X2XR 
Din+x) =4(N+X)XR 
eg D*(n -}- 4 anon’ D;’ = 4 XX R 
From the equation, calculate . 


Tabulate the results as follows :— 
I. Least count of the microscope = 
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Repeat the experiment with the other surface of the lens (if 
it is convex) in contact with the glass plate and take a similar set 
of readings. 

Note :—The surfaces of the lens and the plate must be clean 
and free from dust. When the convex surface in contact with 
plate has a large radius of curvature, the rings are broad, while, 
when the radius of curvature is small, the rings are narrow. If 
the radius of curvature is about 80 cms. to 120 cms. the rings 
formed are convenient for measurement. When the rings 
fotmed are close together, readings of alternate rings may be 
taken. Take particular care in counting the rings, as, if a slip is. 
made, inaccuracy will creep in and the result will be unreliable. 


The method can be used for measuring the radius of curva- 
ture of a convex surface, assuming the value of , the wave-length 
of sodium light. 


fo 
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EXPERIMENT 66 
FRESNEL’S BIPRISM 


Aim :—To form interference bands using Fresnel’s biprism 
and determine the wave-length of sodium light. 


Apparatus required:—Optical bench with accessories, biprism> 
convex lens, sodium lamp. 


Description of apparatus =the optical bench used for this 
experiment consists of a long, heavy metal bed about 14 to 2 
metres long. It is fitted with levelling screws to adjust it to be 
horizontal. It has rails at the top on either side. A number of 
uprights are provided which slide along the rails on the bed. A 
scale is engraved on one,of the rails. The bases of the uprights 
carry verniers which move by the side*of the scale. The uprights 
are made up of hollow pillars mounted on cast iron bases. Rods 
carrying the holders for the slit, biprism, etc. are inserted into 
these pillars. They can be raised or lowered by rack and pinion 
arrangement. To the bases of the uprights are fitted, in addition, 
slides and screws, for moving the uprights across the bases, at right 
angles to the direction of the bed. 


Two of the uprights carry the slit and the biprism. The 
holders are fitted with metal jaws, which serve to keep the slit or 
biprism firmly gripped. They are further provided with tangent 
screw arrangement, for rotating them in their own plane round a 
horizontal axis passing through their centre. } 

_ A third upright carries an eye-piece provided with cross-wires. 
It can be moved transversely by working a micrometer strew 
fitted to the holder and moving by the side of a linear scale. It 
enables you to measure the di$tance passed over by the cross-wires, 
across the field of view. | 
A fourth upright carries a lens-holder. 


Adjustments :—Move the upright carring the slit to one end 
of the bed. Set up a sodium lamp in front of it and illuminate 
the slit. Move the upright carrying the biprism towards the other, 
so that the distance between: the two is about 10 to 15 cms. 
Adjust the positions of the uprights on the bed, so that the zeros 

34 
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on the verniers in their bases coincide with definite divisions on 
the scale. Adjust their heights, so that the centre of the slit and 
the centre of the biprism are along the same horizontal line, 
parallel to the axis of the bed. Rotate them about a horizontal 
axis using the tangent screws, so that the slit and the edge of the 
biprism are vertical. The finer adjustment can be done later. 


Move the upright with the eye-piece towards the biprism. 
Raise or lower it, tillit is at the same vertical height, as the biprism 
and the slit. 


Adjust the eye-piece, so that the cross-wires are distinctly seen. 
Look through the eye-piece. If the slit, the centre of the biprism. 
and the centre of the eye-piece are along the same horizontal line, 
an image of the illuminated slit will be seen in the field of view. 


[If the image is not seen, the eye-piece may be removed. Look 
towards the biprism and the slit through the socket of the 
eye-piece. Move the biprism transversely using the tangent screw 
at the base, till the edge of the prism is seen to coincide with the 
slit. Replace the eye-piece and readjust it, so that the cross-wires 
are clearly seen.] 

~ Even if the image of the slit is seen in the field of view, inter- - 
ference bands may not be visible. To get them, first make the slit 
as narrow as possible. Then, rotate either the slit or the biprism 
in their own plane, round a horizontal axis using the tangent 
screw. When the narrow slit and the edge of the biprism are in 
the same vertical plane, dark and bright vertical bands will make 
their appearance. Adjust the width of the slit and rotate the 
biprism or slit, till the bands are most distinct. 


Move the eye-piece upright away from the biprism. The 
bands become broader. But, unless the vertical plane passing 
through slit and the edge of the biprism is parallel to the axis of 
the bed, the bands will move across‘the field of view, as the eye- 
piece is moved away. By working the tangent screws at the base 
of the uprights, adjust, so that the ban.'s remain at the centre of 
the field of view, as the eye-piece is moved to and fro along the 


direction of the bed. 

Procedure :—(1) Determination of band-width. Having got 
well-defined bands, proceed to measure the band-width. Find 
the least count of the micrometer screw. Move the upright with 
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the eye-piece to a distance of 15 to 20 cms. from the biprism. 
Adjust the cross-wires, so that they are equally inclined to the 
vertical. Move the eye-piece, so that the point of intersection of 
the cross-wires is at the centre of the first dark band at the extreme 
right or left. Read the pitch scale and head scale of the micro- 
meter and note down the reading. 


Set the point of inter-section of the créss-wires at the centres 
of successive dark bands and note down the readings till you reach 
the other end. Reverse the direction of motion of the cross-wires. 
Set them on successive bands and note down the readings. 


~ Move the upright with the eye-piece away from the biprism 
by 10 cms., 20 cms., and 30 cms. In each position, repeat the 
experiment. Take the readings, by setting the cross-wires on 
consecutive bands, when We eye-piece is moved from eft to right 
and vice-versa. 


(2) Distance between sources :—Move the upright carrying the 
eye-piece to a distance of 80 to 100 cms. from the slit. The 
distance must be greater than four times the focal length of the 
convex lens supplied. Without disturbing the positions of the 
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slit or biprism, introduce the upright carrying the convex lens 
between the biprism and the eye-piece. Raise the lens so that its 
principal axis passes through the centres of the slit, the biprism 
and the eYe-piece. Increase the width of the slit slightly. = 


Keeping the convex lens midway between the slit and the 
eyepiece, look through the eye-piece. If all the adjustments 
mentioned had been made carefully, two images of the slit will be 

| seen in the field of view. Move the upright with the convex lens 
slowly towards the eye-piece, till the two images are in clear focus. 
_ the cross-wires on the fixed edges of the slits one after another 
. and note the readings on the scale and micrometer. : 


po 
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Slowly move the convex lens away from the eye-piece, till 
another set of two images of the slit is seen in clear focus. The 
distance between them will be greater now than in the former 
position. Set the cross-wires on the fixed edges of the slits one 
after another and take the corresponding readings on the micro- 
meter scales. If d, is the distance between the images in the 
first position and d, the distance in the second position, then the 
distance d between the sources is given by 


d=Ad, dy. 
Calculations :—The angle of the biprism is very nearly equal 
to 180°. It produces two virtual images S,, S, of the illuminated 





Fig. 135 


slit S at the same distance from the edge of the prism as the slit. 
These two virtual images form two identical sources of light and 
trains of waves proceeding from them produce interference bands 
in the focal plane OM of the eye-piece. If D is the distance between 
the slit and the focal plane of the eye-piece, d the distance between 
the virtual images of the slit, X the distance between two conse- 
cutive bands and the wave length, then 


D 
> ® 
A » 


From the known value of D, d and‘X, can be calculated. 


It is difficult to measure D accurately. The distance between 
the zeros in the verniers in the uprights carrying the slit and the 
eye-piece may not be equal to the actual distance between he slit 
and the focal plane of the eye-piece. If this index-error is deter- 


mined, can be measured with accuracy. [The index-error is 


found as follows. The upright carrying the biprism is removed. 


‘A long. straight needle of a known length is mounted horizontally — 


ad Bs 
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parallel to the axis of the bed. It is moved, so that one end of it 
just touches the slit at its middle. The eye-piece is moved and 
focussed on the other end. The readings on the scale of the 
uprights carrying the slit and the eye-piece are read. The 
distance is found. The difference between this distance and the 
length of the needle is the index-error. It has to be applied to 
any distance measured between the uprights carrying the slit and 
the eye-piece. ] 

The index-error determination and use can, however, be 
avoided. The band width X, is determined when the distance of 
the upright carrying the eye-piece from the slit, as read on thes cale 
is D. The upright is moved, so that the zero of the vernier 
attached to it moves through a distance of D, cms. Let the 

band width now be X,. Then 


e p, ed 2 nN 
| eo (D Eee D;) « 
X,—- X= G4. 


From this, 2, can be calculated. 


Tabulate the readings as follows :— 
I. Least count of micrometer screw = 


_ (1) Distance between the slit and eyepiece = D cms. 


| 
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(2) Distance between the slit and the eyepiece=(D+D,) cms. 
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oe (X, — X1) — cms. 
II. Distance between the images of the slit formed by the 
convex lens.. 


Position I = d, cms. 
Position II = d, cms. 
dead a 


From the known values of d (X, — X,), D, and-d, calculate d. 


EXPERIMENT 67 
SPECTROMETER 
“DIFFRACTION GRATING 
Aim :—To determine the wave-ength of light with a diffrac- 
tion grating and spectrometer. 
Apparatus required :—Spectrometer, plane diffraction grating, 
sodium or mercury lamp. ‘ 


Description of grating :—The plane diffraction grating in 
general use is the replica or photographic reproduction in 
celluloid of Rowland’s grating on which are ruled 14,500 lines per 
inch. It is fixed on to an optically plane plate of glass. When a 
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parallel beam of light falls on it, a diffraction pattern with a central 
maxima, with maxima and minima on either side, is obtained. If 
the incident light is monochromatic, the maxima are of a single 
colour. Ifit is composite, it is split up and the maxima are 
composed of coloured bands. 


It is absolutely essential that the surface of the grating, where 
the film is fixed, must not be touched with the bare hands or 
misused. The film may get damaged beyond repair. 


(A) Normal incidence 


Procedure :—Adjust the eye-piece of the telescope, till the 
cross-wires are distinctly seen. Focus the telescope and collimator 
for parallel rays. Level the prism-table, with a spirit level. 


Remove the prism clamp and fit up the grating holder on the 
prism-table. Find the least count of the verniers. Illuminate the 
slit with sodium light or mercury light. 


Place the telescope in a line with the collimater. Adjust it, so 
that the point of intersection of the cross-wires and the fixed edge 
of the slit coincide Read the 
scale and the two verniers and 
note down the readings. 


Subtract 90° from the 
direct reading. Rotate the 
telescope, set it at that reading 
and fix it. 

‘Insert the grating in the 
grating-holder with the ruled 
surface vertical and at the 
centre of the table, facing 
‘the collimator. Rotate the 
prism-table, so that the 
grating takes up a position, 
equally inclined to the axes 
of the collimator and telescope. Look into the telescope 
and rotate the prism-table till the image of fhe - slit 
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reflected from the surface of the grating is seen in the field of view. 
There will be two images. Take the brighter one. Adjust the 

~ | position of the prism-table, 

| till the point of intersection 

a of the cross-wires coincides 
with the fixed edge of the 
slit. Note the reading. 
Subtract 45°. from an 
Rotate the prism-table and 
set it: at that teadiuas 
Now the surface of tie 
grating is normal to the 
axis of the collimator. Fix 
the prism-table. 


Release’ the telescope. 
Turn it round. Along the 
direction of the incident 
beam of light, there will 
be a bright maximum which 
is undispersed. 


Both to the right and 
to the left of the centre, 
there will be seen maxima. The maxima are made up of coloured 
bands separated from each other. If sodium light is used, two bright 
yellow bands will be seen, provided the slit is very narrow. With 
mercury light, four brightly coloured bands will be seen—yellow, 
green, blue and violet. The set of bands nearest the centre on 
either side is known as the spectra of the Ist order. The-next set 





of bands are known as the spectra of. the 2nd order. Further | 


orders will not be Ones with d grating having 14500 lines 
per inch. 

Move the telescope and adjust it, so that the point of inter- 
section of the cross-wires is at the middle of the band nearest to 
the centre. [Have a narrow slit.] Take the reading. Repeat the 


_ adjustment for each of the bands on the left of the centre and on | 
the right of the centre, in both the Ist and the 2nd orders ands 


take readings. 


2 
3 
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The difference in the readings for any particular coloured band 
in any order, on the right and on the left of the centre, divided by 
two gives the angle of diffraction for that band. If @ is the angle 
of diffraction, n the order of the spectrum, N the number of lines 
‘per cm, on the grating and , the wave length of the band. 

hiiaos NDR. o. 


or X = — = ¢ oe & where eor =~ is called the 





“‘ grating element.” From this the wavelength is calculated. 
‘Ta’ulate the readings as follows :— 
No. of lines per cm. on the grating = 
Light used— 
Least count of vernier °= 















| Reading 
| 


Difference 


ie 
: 


Specifi- 


cation Left Ri ght 


aE neeepeeeeieeeeneeeeeentieetiteeee ea 


Vernier ae Vernier | Vernier | Vernier 
A B A | B A 





Vernier 
B 


Wave-length x 10®cms.] . 











| Angle of diffraction. 














| 


I | Spectrum of the 2nd _ ordjer 
| 


a a 


(B) Minifnum Deviation 





the maxima, for light incident normally on the grating, release the 
prism“table. Adjust the telescope, so that the intersection of the 
cross-wires coincides with one of the bands, say, on the left. 
Rotate the prism-table, so that the band moves towards the centre. 
Keep the image in view, by turning the telescope, if necessary, in 


eo... 


BP rocédure :—After having found the angles of diffraction of 


the direction of motion of the image. Turn the prism-table till the | 
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image reaches the position of minimum deviation and is about 
to retrace its path.. Fix the prism-table. Adjust the position 
of the telescope, so that the 
point of intersection of the 


C em cross- Wires is in the middle of 
the band. Take the reading. 
ee Place: the telescope in a lime 


with the collimator and take the 
direct reading. 


Repeat the experiment and 


le | take readings corresponding 

Ley to the position of minimum 
6 . deviation of the other bands 
/ } in the Ist and the 2nd orders. 


o | After taking the reading in 
ag op) Xs ° ° e,e 
= the minimum deviation position 
: ae for each band, take the direct 
reading. 
Fig. 138 Turn. the telescope to the e 


right of the central band. 

Repeat the experiment, adjusting the prism-table for the position of 
minimum deviation for each of the bands in the Ist and the 2nd — 
orders. Take the direct reading, after taking the reading in the 
minimum deviation position for each band. ) 

The difference between the direct reading and the reading 
in the position of minimum deviation for any band gives the, 
angle of minimum deviation for the band. 


[Taking the direct reading every time can be avoided, if the 
circular disc carrying the verniers is fixed, and the platform alone 
manipulated for adjusting for the position of minimum deviation. 
Then, the direct reading will be constant.] . 


If a parallel beam of light is incident on a grating and 
diffracted, 
(Sini + Sin 6) = NnX 
where i is the angle of incidence, 9 the angle of diffraction, N the 
number of lines per cm. on the grating, n the order of the spectrum 
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and , the wavelength. i and @ are on the same side of the 
normal. In the position of minimum deviation, i= 9. Let the 
angle of minimum deviation be D. Then, 
a Bon 6 
(Sin i + Sin 6) = 2 Sin | Cos 3 
When i = 6, (i— 8) = 0. 
ra 2 Sin = = Nn), since (i + 0) =D 
2 Sin Sd 
ees 
ee na Nn 
¥réim the known values of D, N and n, calculate the wavelength 
of each band. 
Tabulate the results as follows :— 
No. of lines per cm. on the grating = 
Light used , — 
































I order. 
| Reading in 
Minimum Tier Reading Difference 
: Deviation ‘ . D Wave-length 
Specifi- Position : 
cation yy ae ae 2 Sin => 
*| of line if? aie Ras. Reise 
Vernier | Vernier | Vernier | Vernier | Vernier | Vernier Nn 
A B A B A B 
Vonage | l | 
1 | Left | 
| | 
| 
a. | : 
Ii; Right : 





Have a similar tabular form for the II order. 


Note :—The values of ) obtained by the normal incidence 
method will be accurate, only if (1) the adjustment of the prism- 
table for normal incidence is correct and (2) it is not disturbed 
during the later manipulations. As there are no such uncertainties 
in the minimum deviation method, it is more reliable. 
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EXPERIMENT 68 
SPECTROMETER 


KRAUNHOFER LINES—WAVE-LENGTHS 


Aim :—To determine the wave-lengths of the Fraunhofer lines 
in the Solar Spectrum with a diffraction grating and a spectrometer. 


Apparatus required :—Spectrometer, diffraction grating, plane 
mirror. 

Procedure :—Adjust the eye-piece of the spectrometer, so that 
the cross-wires are distinctly seen. Adjust the telescope and 


collimator for parallel rays. Illuminate the slit of the collimator 
with sunlight reflected by the plane mirror. 


Insert the grating in the holder, with the ruled surface facing 
the collimator. For levelling the table, so that the grating surface 
may be in a vertical plane, adopt the following method. Keep 
the telescope approximately perpendicular to the axis of the 
collimator. Turn the prism-table, till the image of the slit reflected 
from the surface of the mirror is seen in the telescope. The 
grating-holder is generally fitted parallel to the line joining two of 
the screws. Adjust one of the screws, till the» image comes to thee 
centre of the field of view. Rotate the prism-table, so that the 
surface of the grating is normal to the axis of the collimator. 
Move the telescope, so that it is in a line with collimator and the 
direct refracted image is seen init. Adjust the third screw till the 
image comes to the centre. The prism-table is now horizontal and 
the surface of the grating vertical. 


Set the surface of the grating normal to the axis of the 
collimator, adopting the moe given in experiment 67. Fix the 
prism-table. 

Adjust the plane mirror, so that the reflected beam of sun- 
light passes through the slit along “the axis of the collimator and 
falls on the lens at the other end. } 

The diffraction pattern formed by the grating consists of a 
bright, undispersed centre with spectra on either side of it The 
_ first two orders of spectra alone will be visible. 

Move the telescope to one side of the centre, say, to the left, 
till the first order of spectra is seen in the field of view. The 
violet is nearest to the centre and the red farthest. Narrow the 


’ $ 


a) 


FRAUNHOFER LINES—-WAVE-LENGTHS eg: 


slit till the vertical Fraunhofer’s lines make their appearance. 
Identify the following lines — a, B, C in the red region, D,, Dg, 
in the yellow, b, b, b;, Ein the green, Fin the blue and G, Hy, 
H, in the violet. 

Set the point of intersection of the cross-wires on each of the 
lines and take the readings. 


Repeat the experiment with the 2nd ‘order on the left, and the 
Ist and the 2nd orders on the right. Take the readings corres- 
ponding to each of the lines. : 

The difference in the readings for any particular line in a parti- 
gular order, on the left and on the right divided by two gives the 
angle of diffraction. 

If the angle of diffraction for any line 1s @, then 

Sin @ = Nnxr 
where N is the number of lines per cm. on the grating, n the order 
of the spectrum and ), the wavelength of the line. 


From the known valves of 6, N, and n, calculate the wave- 
length of each line. 


Tabulate the results as follows :— 


Least count of “the -vermer = 
Number of lines per cm. on the grating = 





| Position | Position I | Difference 

















«| 3 
Specifi- | eee 
cation : Pe ee ees 
of line. | Vernier | Vernier | Vernier | Vernier ; Vernier | Vernier he Ss 
A B A B- A B SS ae 
< — 
e eee Ae eee en ate age. ae 
I Order of spec-|tra. | | 
® 
— ee |) ee 
- Ul Order of spec-jtra, — | | 
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EXPERIMENT 69 
POLARIMETER 
Aim:—To determine the Specific Rotatory power of sugar, 
using a Laurents‘ Polarimeter. 


Apparatus required :—Laurent’s Polarimeter, sugar, cylindrical 
glass tubes of different lengths. 
Description of apparatus :—The optical parts of a Laurent’s 


Polartmeter consist essentially of a polariser and an analyser, 
mounted at either end of it, with their axes horizontal and along 


_- the same line. The polariser consists of a nicol. A convex lens 


fitted in front of it throws on it a parallel beam of light from a 
source placed at its principal focus. The polariser can be rotated 
about its axis. The analyser has another nicol.. A low power 
telescope fitted behind it brings the parallel rays passing through 
it to a focus. The nicol can be rotated about its axis. A divided 
circle with verniers attached is fitted to it from which the angle of 
rotation can be measured. 


When the two nicols are crossed, the field of view is dark. 
But, as it is difficult to judge when the field of view has maxi- 
mum darkness, a special arrangement known as Laurent’s half- 
wave plate or half-shade is fitted at the inner end of the polariser. 
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Fig. 139 


It isa circular ring, with a thin quartz plate cut parallel to its optic © 
axis covering one half of it and a glass plate absorbing light te an 
equal degree covering the other half. The thickness of the quartz 
plate is such that when polarised light passes through it, a path 
difference of half a wave-length is introduced between the ordinary 
and the extraordinary rays into which it is split up. So, on 
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emergence, they recombine to form plane polarised Irght but 
polarised in a different plane. The plane polarised beam of light 
from the polariser, passing through the glass plate, is unaffected. 
On the other hand, the beam passing through the quartz has its 
plane of polarisation rotated through an angle. These two beams, 
from the two halves of the ring, with different planes of polarisa- 
tion, fall on the analyser. Hence, when the analyser is rotated, it 
can quench completely, only one-half of the field of view at a time. 
It is adjusted, so that the two halves of the field of view are 
equally dark. A slight rotation of the analyser in either direction, 
miakes the two halves unequally dark. The position can be judged 
more or less very accurately. 


—_ 


In between the polariser and analyser, a cylindrical tube 
filled with solution can bé mounted with its axis along the same 
line as those of the polariser and analyser. 


Procedure :—Set up the sodium light in front of the polariser. 
at a distance approximately equal to the focal length of the lens in 
it. Look through the other end and adjust the telescope there, 
till the field of view is clear and well-defined. Weigh accurately 5 
or 10 grams of sugar and dissolve it in 100 ccs. of distilled 
water. 


Fill one of the cylindrical tubes with clear water and close 
the two ends with the circular discs provided. Mount it at the 
centre of the instrument coaxially with the polariser and the 
analyser. Look through the analyser. Rotate it till the two 
halves of the field are equally dark and the line of separation of 
the two vanishes. Take the reading. ; 


Remove the tube, poue out the water and fill it with the 
prepared sugar solution of known concentration, say 5% or 10°. 
-Place it in the same position as it occupied before. If you look 

| through the analyser, the two halves of the field of view will 

appear unequally illuminated. Rotate the analyser, so that they 
are equally dark and the dividing line vanishes. Note the 
reading. 


Repeat the experiment with a tube of a different leng¢h. 


a 
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Let / be the length, in decimeters, of the column of solution in 
the tube and C, its concentration (expressed as a %). Then the 
angle of rotation of the plane of polarisation is given by 

oe Poe uae ce 
where f is the specific rotatory power. 
| 0 
oe 
Tabulate the readings as follows :— 
Length between the circular discs in the glass tube — 17 cms. 
Least count of the scale = Or 









































Reading on the divided | 
ee: |Angle of rotation | 
Concer i: Se. fa) See 
tration : rotatory 
of with water with solution. ree 
Sool). Be = | p 
Vernier | Vernier Vernier | Vernier ; Vernier | Vernier 
A | B B 
| a er: 
575 | 51°71 51°64 | 57°03 -96°97 | 938 6°33 62 
10% | 51-71 | 51:64 | 62:09 | 62:03 | 10-38 | 10°39 61 
{ 
Mean specific rotatory power = 61°5°. 
SECTION VI 
MAGNETISM 


EXPERIMENT 70 
DEFLECTION MAGNETOMETER 


COMPARISON OF MAGNETIC. MOMENTS 


Aim :—To compare the magnetic moments of two magnets, 
using the deflection magnetometer. 

Apparatus required :—Deflection magnetometer, two magnets, 
metre scale. 

Description of apparatus :—The deflection magnetometer is a 
large compass box, made of brass and covered with glass at the 
top. On a pointed pivot, fixed atits centre at the bottom, rests 
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symmetrically a short magnetic needle on agate or ruby bearings. 
The magnetic needle can rotate freely in a horizontal plane, about 
its centre. A long, aluminium a 
pointer is fixed at right angles ya i x ) 
to it at its mid-point. Its 
ends move over a_ circular 
scale, graduated in degrees. At 
the bottom of the box, a plane 
mirror is fitted in which the 
image of the aluminium pointer 
.. 1%Visible. With the help of the 





image, the reading of the alu- 2 yg ee ae 
Sis ~ \ y ; 
minium pointer on the es @) A 


scale can be read, without 
parallax error. When the 
magnetic needle is deflected, the aluminium pointer also is 
deflected. The deflection can be measured on the circular 
scale. The scale has two zeros, at the opposite ends of a 
diameter. The graduations are from 0° to 90° and then 90° to 0°. 
In the undeflected position, the box can be adjusted, so that the 
ends of the aluminium pointer read zero, zero. When the needle 
is deflected to the right or left, the deflection can be read off 
directly from the scale. - 

The compass box is usually mounted at the centre of a long 
wooden board with a metre scale on it. The graduations on the 
scale start from its centre, the zero of the scale coinciding with the 
centre of the compass. But, for all practical purposes, with a 
compass box placed at the centre of a metre scale, the following 
experiments can be performed. 


(A) Equa’ distance method 


Procedure :—Place: a metre scale on the table and set the 
compass box symmetrically at its centre. Adjust it, so that its 
centre coincides with the 50th cm. on the scale. 


Fig. 140 _ 


Tan A position of Gauss or End-on-position —Remove all 
magnets and magnetic substances to a distance. Slowly rotate the 
scale with the box on it, till the scale is parallel to the aluminium 
pointer. This means that the scale is perpendiculare to the 

36 
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magnetic meridian. Rotate the compass box alone about its 
centre, so that the ends of the aluminium pointer read zero, zero. 


TAN A’ POSITION 





5 
Fig.141 


Place one of the magnets M, on the scale to the east or west 
of the compass box, so that the centre of the magnetic needle in 
the box lies on the axis of the magnet produced. This is the 
Tan A position of Gauss or the End-on-position. The magnetic 
needle is deflected and with it the aluminium pointer fixed to it. 
Read both ends of the pointer on the circular scales, without parallax 
error. Note down the deflections 9, and@,. If the deflections are 
noted at both ends of the pointer and the average taken, any error 
due to the centre of the circular scale and the centre of the pointer 
not coinciding gets eliminated. The distance between the 
centre of the magnet and the centre of the needle must be such 
that the deflection lies between 40° and 50°. Note the distance d. 


Reverse the magnet end for end, so that the other pole of the 
magnet.is Now nearer the compass box. Place it exactly in the 
same position as before. The needle is now deflected to the 
opposite side. Read both ends of the pointer and note down the 
deflections 9, and 9@,. If the magnet is reversed and the defiec- 
tions noted, any error due to the unsymmetrical magnetisation of 
the magnet gets eliminated. 


Transfer the magnet to the other side of the compass box. 
Place it at the same distance from the centre of the box, with its 
axis produced passing through the centre of the magnetic needle. 
Note the deflections 9, and @, of the two ends of the pointer. 
Transferring the magnet to the other side and noting the deflec- 
tions wi'l eliminate the error due to any displacement of the centre 
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of the scale. Reverse the magnet end for end and place it in the 
same position. Note the two deflections 9, and @,. The 
average of all the eight deflections is taken as the deflection 
produced by the magnet for the particular distance d,in the Tan A 
position of Gauss. 

Alter the distance between the centre of the magnet and the 
centre of the magnetic needle and repeat the experiment. Take 
sets of readings for two or three distances. 

Remove the magnet. Place the second magnet on the scale 
. at the same.distances from the magnetic needle and repeat the 
experiment for each distance. 

The magnetic intensity F, at any point on the axis of a 
magnet, is given by the formula, 

2Md 
“7 @ =F 
where M is the magnetic moment of the magnet, 2/ its length and 
d the distance of the point from the centre of the magnet. 


Let the two magnets whose moments are to be compared be 
M, and M,. Then, for the same distance d, 








By oe vd 
Li. (d? — 7,2)? 
— i 


where 2/, and 2/, are the respective as of the magnets M, 
and M,. Now, 
: F, = Htana 
and F, = H tanb 


where a and b are the respective mean deflections of the magnetic 
needle for the distance d and H is the horizontal componenteof 
.the earth’s field at the place. 
2M,d 
A (VE tat a Yd? 37 2)2 
ot tin b aNd 
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Tabulate the readings as follows :— 


I. ‘Tangent A position of Gauss. 





Magnet east of Magnet west of 


} needle needle 
Distance : 

from | + M 
centre of! North North North enh a aoe T 
needle to) pole _pole pole | pole Hote be 


centre of} facing | facing | facing | facing 
magnet East West East West 























ahaa 2 





II. Length of Magnet M, = 2/, 
nee of neice NA ae 





Pan mean deflection | 





Distance Cok 
from centre | ye 
of magnet for | for os = | fan a- 
to centre [Magnet M, Magnet M,| “? (CF tan b 


of needle Tan a | Tan b 
SNA EE LT A a  S 


+ Mean ratio of the magnetic moments - oe 
: ; 


Tan B position of Gauss or Broadside-on-position. 


Procedure :—Remove all magnets and magnetic substances to 
a distance. Rotate the scale, so that it is perpendicular to the 
aluminium pointer and parallel to the magnetic needle. Rotate 
the box alone, till the aluminuim pointer reads zero, zero. Place 
the magnet on the scale with its axis perpendicular to it, and 
the centre of the magnetic needle on the perpendicular bisector 


hi 
s 5 


ie 
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of the magnet. This is the Tan B position or the Broadside 
on position. 


AN: B en ae 





>» Fig, 142 


The needle is deflected. The distance between the centre of 
‘the magnet and the centre of the magnetic needle must be such 
that the deflection is frém 40° to 50°. Note the distance d. 
Read both ends of the pointer and note down the deflections 6, 
& @,. Reverse the magnet end for end and keeping it at the 
same distance d, read the deflections 9, & 9,. Transfer the 
magnet to the opposite side. Place it at the same distance d from 
the centre of the needle and note the deflections 9, & O,. 
Reverse it end for end. Keep it at the same distance d and note 
the deflections 9, & 9, . The average of the eight deflections is 
the mean deflection produced by the magnet in the broadside- 
on-position for the particular distance. 


Alter the distance. Repeat the experiment. Take readings 
for two or three distances. 


Replace the magnet by the second one. Repeat the experi- 
ment and note down the deflections for the same distances. - 


The magnetic intensity F at any point on the perpendicular 
bisector of a magnet is given’by, : 
(d? + [2)3i2 
“So, for distance d, for the two magnets M, and M,, 

G+ 1338 


FE = 


and F, = Comrer 1, se : 
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Now, | | Pye Ae tanes. 
and Fs 22 HH tanh 
where a and b are the respective mean deflections produced. 
M, 
H tana _ (d? + /,?2)3/? — 
H tan b Ls 
CFR 
p M, ee ic tan a 
nes ile oe (d2 aq) 2) 3 12 tan b 


Tabulate the readings as follows :— 


I Tangent B position of Gauss 


"Magnet North of | Magnet South of 












































D} needle needle 
ISlaNCe , xp AU se oe 
between North | North North | North | Mean 
centre of! nole | pole pole pole | deflee.4 
magnet | Tan @ 
eue | facing | facing | facing { facing | tion ’ 
ot East | West East West 9 
entre of} a Parent veer” 
needle 
0,76. : 63/| O04 | O05| O6/| O07) Os 
| | | 
Mag net-/M, | | 
miiiils 7 ea (USA. eee eee ee puree see : 
Mag net—M, | | 
| ad clita 
II. Length of magnet M, = 24, 
Length of magnet M, =. 21, 
es Tan mean deflection 
Distance for 
from centre | uu (di+/, re aie tan a a 
See. [Magnet M, Magnet M,M, ~ (?+/,2)* * tan b 
of needle an a | Tan 
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«, Mean ratio of the magnetic moments 
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(B) Equal deflection method 
(Null method) 

Procedure :—Tan A position. Remove all magnets and mag- 
netic substances to a distance and adjust the scale and compass 
box for the Tan A position. The scale will be parallel to the 
aluminium pointer. 

Place the magnet M, on the scale on qne side of the compass 
box, in the Tan A position. Adjust its distance, so that the 
defiection is between 40° and 50°. Let the distance between the 
centre of the magnet and the centre of the needle be d,. Place the 





Si 

, Fig. 143 
other magnet M, on the scale on the other side, so that similar 
poles face each other. Adjust it, so that the deflections produced 
by the magnets are equal and opposite and the aluminium 
pointer, reads zero, zero. Note the distance d,’ from the centre 
of magnet M, to the centre of the magnetic needle. Reverse the 
two magnets end for end. Keeping the first magnet M, at the 
same distance d,, adjust the second magnet M,, so that the 
deflection is zero. Note the distance d,” between the centres of 
the magnet M, and the magnetic needle. 

Interchange the magnets. Keep the magnet M, at the same 
distance d, from the centre of the needle. Adjust the distance of 


the magnet M, so that the deflection is zero. Measure the 
distance d,’” of the secopd magnet. Reverse the magnets. 
Keep the sade M, at the same distance d,. Adjust the positien © 


of the second paenat M.,, so that the defiestigny is zero. Measure 
the distance d,”” of the second magnet “e, from the centre of the 
needle. Take the average of d,’, d,", d,"" and a3””. Let it be di. 


Alter the distance d, between the contre of the first magnet 


M, and the magnetic Handle and repeat the experiment. Find 


oe average value of d, for the second magnet, for null deflection. 
Take two or three sets of readings. e 


| 
ly, 
t 
LS 

x 
Ase 
‘We 

1 








288 TEXT BOOK OF PRACTICAL PHYSICS 


Now, since the deflection is zero, the magnetic intensitics at 
the centre of the magnetic needle are ‘equal and opposite. So, 


2 MG Gh) 2 ee 

(d,? a 1,7)? (d,? —/,*)? 
M,  . {d.?“ Lyd 
Mo eee ay. eae 


Tabulate the readings as follows :— 
Tan A Position. : 
Length of magnet M, = 2/, cms. 
Length of magnet M, = 2/, cms. 








Distance Distance of magnet M, from | 
of mag- centre of needle | | 
net My So 
rom | i=) de 
entre of , | d ” d we d wh Average a (d,? i,?)d, 
needle |? | ° : 2 di. 
ae : ¢ 
: M, = 
.. Average ive 


Tan B oo :-—Remove all magnets to a distance and 
the Tan B position. The scale will 


pointer. 


Place magnet M, on the scale, 


its axis parallel to the aluminium 
pointer and with the centre of the 


bisector. Adjust it, so that the deflec- 
tion is from 40° to 50°. Note the 
distance of the magnet from the centre 
of the needle. Let eit be d,.: Place 
magnet M, on the scale, on the 


os Adjust it, so that the resultant deflec- 
tion is zero. Measure the distance: 


KH 


4: 


adjust the scale and compass-box for 


be perpendicular to the aluminium 


north or south of the compass, with 


magnetic needle on its perpendicular 


other side of the box, so that similar 
poles point in opposite ‘directions. 


Cae 
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between the centre of M, and the centre of the needle. Let it be 
d,’. Reverse the magnets end for end. Keeping M, at the same 
distance d, from the centre of the needle, adjust M, so that the 
deflection is zero. Measure d,”, the distance between the centre of 
the magnet and the centre of the needle. Inter-change the magnets. 
Keep magnet M, at the same distance d, from the centre of the 
needle. Adjust magnet M,, so that the deflection is zero. 
Measured,’ its distance from the centre of the :magnetic needle. 
Reverse the magnets. end for end. Keep magnet M, at the same 
distance dj. Adjust magnet M,, so that the deflection is zero. 
Measure d,”” its distance from the centre of the magnetic 
needle. Let d, be the average of d,’, d,”, d,”” and d,’””. 


Alter the distance d, between the centres of the magnet My 
and the magnetic needle and repeat the experiment. Find the 
average value of d,, for null deflection. Take two or three sets of 


readings. 

Now, since the deflection is zero, the magnetic intensities due 
to the magnets at the centre of the magnetic needle are equal and 
opposite. So, 

es Me 
Gi? +18 ~ a? 17) 
M, _ (di? + 1,2)? 
M, (d,? + /,2)? 
Tabulate the readings as follows :— 
Tan B position 
Length of magnet M, 
Length of magnet M, = 2/, cms. 
ee Aa Sa eee 


Distance z 


21, Cis. p: 


I 





between Distance between centre of magnet 
centres of M, and centre of needle | 
: M, _ (di? + /,%)3/2 








M, (dg? + /,2)3/2 
Average 





d CEC 
2 


MLE 
d, 


ry 
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Ratio of ue | 
Method a Mean 





Tan A position | Tan B position 








Equal distance | 


Equal or null 
deflection 





e M, = °F mea 
., Mean value of Me 


EXPERIMENT 71 
DEFLECTION MAGNETOMETER 
DETERMINATION OF M AND H 


Aim :—To determine (1) the magnetic moment of a magnet 
and (2) the horizontal component of the earth’s magnetic intensity 
at a place. 

Apparatus required :—Defiection magnetometer, magnet, 
vibration jar. 

Procedure :—Tan A position of Gauss. Remove all magnets 
and magnetic substances to a distance. Place a metre scale on 
the table. Place at the middle of the scale, a deflection magneto- 
meter (compass box). Adjust it, so that its centre coincides with 
the 50 cm. on the scale. 

Slowly rotate the scale with the compass box, so that the 
seale is parallel to the aluminium pointer. Rotate the compass 
box alone, till the aluminium pointer reads zero, zero. Avoid 
parallax error whenever you take a reading by keeping the eye 
vertically above the pointer, so that it hides its own image. — 


Place the magnet on the scale on one side of the compass 
(east or west of it). Adjust it, so that its axis is parallel to the 
scale and passes through the centre of the magnetic needle. 
The fagnetic needle and the aluminium pointer are deflected 
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Move the magnet along the scale till the deflection is about 40° 
to 50°. Read the deflections at both ends of the aluminium 
pointer. Let them be 9, and 95. Note the distance d from 
the centre of the magnet to the centre of the needle. 


TAN A POSITION 





5 
Fig. 145 

Reverse the magnet end for end. Keep the magnet at the 
same distance d. The deflections also will be reversed. Note 
them. Let them 9, and @,. 

Transfer the magnet to the other side of the compass box. 
Place it at the same distance d from the centre of the compass box 
Note the deflections 9, and 9,, of the two ends of the aluminium 
pointer. Reverse the magnet end for end. Keep the magnet at 
the same distance d and note the deflections 9, and @,. Take 
the average of the eight deflections. That will give the mean 
deflection of the magnetic needle due to the magnet, when the 
distance between their centres is d, in the Tan A position. 

Repeat the experiment for two more distances. Remember 
that the deflections should not be more than 55° or less than 35°. 


The magnetic intensity Fat any point on the axis-ofa 
magnet of moment M is given by, : 
! | ' 2Md ! 
F 1 (d2 — /?)? é ee. 
‘where d is the distance of the point from the centre of the 
magnet and 2 / is its length. ‘i 
If the axis of the magnet is perpendicular to the magnetic 
meridian, a short magnetic needle placed at the point will be 
deflected through an angle 9, such that 
F = H tan 9 ° 
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where H is the horizontal component of the Earth’s magnetic 
intensity at the place, 


2Md 


(d? — 72)? — H tan G. 
M _ (d? —/*)? 
H = wen ye tan @. 


2 [2\2 
Since ne is a constant, @ /?)? tan @ 


a xd will be constant. 





Tan B position :—Remove the magnet to a distance. Adjust 
the scale and the compass box on it, for the Tan B position. The> 
aluminium pointer will be perpendicular to the scale. 


TAN B POSITION 






Place the magnet on the scale on one side of the compass box 
(north or south of it), Adjust it, so that its axis is perpendicular 
to the scale and the centre of the magnetic needle lies on its 
perpendicular bisector. Move it,so that the deflection of the 
aluminium pointer is about 40° to 50°. Read the deflections 69, 
and 9,, of the aluminium pointer. Note the distaiice d between 
centre of the magnet and the centre of the magnetic needle. 


Reverse the magnet end for end. Place it at the same 
distance d and note the deflections @, and @,. 


Transfer the magnet to the other side of the compass box. 
Place it at the same distance d from the centre of the magnetic 
needle. Read the deflections 9, and @,. 


Reverse the magnet end for end. Keep it at the same 
distance d. Read the deflections 9, and @,. Take the average 
of the eight deflections. 
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Repeat the experiment for two more distances of the magnet, 

from the centre of the magnetic needle. See that the deflections 
are not more than 55° nor less than 35°. 


The magnetic intensity F at any point on the perpendicular 
bisector of a magnet is given by, 
M 
Oo @ +P 
If the axis of the magnet is perpendicular to the magnetic 
meridian, a magnetic needle placed at the point is deflected 
through an angle 6, such that 
nd F = H tan Q. 
; M 
: (d? ey 





= H tan @ 


M 
bd = d2 2 3/2 
Seppe ee ee)? tan O 
Since —, is constant, (d? + /?)3/? tan @ will be constant. 


H 
Period of oscillation of the magnet in the earth’s field. 


The period of oscillation of the magnet is determined by 
using the vibration jar. It isa tall cylindrical glas jar. 
A brass stirrup is suspended inside, by a long 
torsionless silk fibre. The magnet can rest in the 
stirrup with its axis horizontal. The glass jar 
prevents air currents from disturbing the oscillations 
of the magnet. 


To start with, a piece of brass of the same 
dimensions as the magnet is placed in the stirrup. 
If there is any torsion in the fibre, it will be 
removed by the fibre untwisting itself, when the 
brass piece is placed inthe stirrup. Replace the 
brass by the magnet. Allow it to come to rest. 
Make a mark to indicate its equilibrium position. 
Bring another magnet near it and set it in 
vibration. The amplitude of oscillation must not 
be large. When the axis of the magnet passes across the equili- 
brium position, start the stop-clock. Find the time of 10 or 15 
oscillations. Repeat the experiment and take three readings. 
From the readings find the mean period of oscillation T. 





Fig. 147 
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Remove the magnet and find its mass W_ accurately. 
Measure its length a and breadth 5 with a vernier calipers. 


Then, the period of oscillation is given by the formula, 


P= 26 : 


MH > 
where I is the moment'of inertia of the magne . 
pit I 
. Tt 
The moment of inertia I can be calculated from the mass and 


dimensions of the magnet. For a rectangular bar magnet of 
; . e Ome 
mass W, length a and breadth b, the moment of inertia I, abcut 











an axis through its centre is given by, e 
W (a? + b?). 
. hee a ea 


For a cylindrical magnet of length a and radius r, 


ie peters 
oe w (7 o} 


about an axis passing through its centre. 


; CJ 
Now, 2 is a constant and its value is known. M H 1s 


is known. 


M x G's MH _ 2 
WX MH=- MM: and a = 


A | 
M MH 
m= A/ MX MH and = A/ AE p 
© H 
Thus, M and H are calculated. 
Tabulate the readings as follows :— 


I. Tan A Position e 
Length of magnet = 2/ cms. 














Magnet East of | Magnet West of 
compass box compass box 





Distance et eae E Re DES AL TONNE Ae ape ee 
from centre |W, Pole! N. Pole|N. Pole| N. Pole| %& 
of magnet | pointing pointing| pointing) pointing) & 
to centre E W E W 4 
Oe ecole ies oa or < 





06 6, Os 





04/95 





0. 0; 





04 
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Il. Tan B Position 















































| | D 

Magnet North of } Magnet South of = 

compass box compass box = 

x 

Distance i mee eekree tint) CG, oa 
from centre © Py 
of magnet | N. Pole | N. Pole N. Pole N. Pole = Tan 6 a 
to centre pointing| pointing) pointing) pointing S 4 

of needle E W E We 0 ae ‘ 
| % 

: I 
6, 65 63 64 0; 0, 0, 0. S (tx 

M 
a Mean value of en 


he IiI. Period of oscillation of magnet 











Time for | Period of 
25- oscillations | oscillation T 


TV. Mass of magnet = W grams. 
| (Give particulars of weighing) 
Length of magnet a cms. 
Breadth of magnet b cms. 
(Give particulars of measurement, using vernier calipers.) 


i= (Sa 


I 





TZ 


[if the magnet used, is a rectangular bar magnet.] 


y) 
i MH = Pa 


Using the mean values of 2 and MH, calculate M and H from 


M: = a/ MH x M. : 


and = MH 


® 


on 


H 
‘, The magnetic Moment of the Magnet = cgs units. 


The Horizontal component of the 


Earth’s field = ‘ gauss., 
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LAW OF INVERSE SQUARES 


The Law of Inverse Squares can be verified from the readings 
taken, if the magnet used is short and powerful. The deflections 
can be noted for large values of the distance d. 





2Md 
The formula (@? — 1): can be written as sa and 
M M | Va 
(a? + 12)3?2 as a5 > when ae very small. Then, 
2M et ve 
qs = H tan @q (for Tan “ A” Position) 
M e,e 
and qs = Htan 68 (for Tan “ B ” Position) = 
tan 
— fe == 2), Woen d 1s the same. 
B 


Thus, if this relationship is verified, ‘then it follows that the 
magnetic intensity at any point on the axis of a magnet is twice the 
intensity at a point at same distance, on the perpendicular bisector. 
Hence, the Inverse Square Law which is used for deriving the 
respective magnetic intensities is verified. 


Tabulate the results as follows :— 


Tan of mean deflection | 

















Distance ‘ 
from centre rae are + ieee 
of magnet Position Position 

to centre 

of needle : Tan 0 | Tan Oe 





CEERIGR coe GAT 


EXPERIMENT 72 
DEFLECTION MAGNETOMETER 
‘a vi 
POLE-STRENGTH OF MAGNET AND VERIFICATION OF 
INVERSE SQUARE LAW 


Aim :—(1) To determine the pole-strength of a long magnet 
and to verify the Inverse Square Law and (2) to determine the pole- 
strength of a short magnet, using the Deflection Magnetometer. 


Apparatus required :—Deflection Magnetometer, long magnet, 
short magnet, vibration box. 


: 
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INVERSE SQUARE LAW 


(A) Long magnet 


Procedure :—A Robison’s magnet is suitable for this 
experiment. Itis made up of a thin steel rod with spherical 
balls at either end. When 
itis magnetised, the poles 
are situated exactly at the 
centres of the _ spheres. 
Hence, the magnet has 








point poles. In the absence Ww E 
of a Robison’s magnet, Fig. 148 


any long magnet (30 to 
40 cms. long) can be used. 


Tan A position :—Remove all magnets to a distance. Adjust 
the deflection magnetometer for the Tan A _ position, with the 
scale parallel to the aluminium pointer. 


Place the long magnet on the scale on one side (due east or 
west) of the compass box, with one of its ends resting on the scale. 
The line joining the pole and the centre of the magnetic needle 
must be perpendicular to the magnetic meridian. The other end is 
adjusted to be vertically above the centre of the magnetic needle. 
Hence, the pole at this end will not produce any horizontal force 
on the poles of the needle. Only the pole at the end that rests on 
the scale acts on the needle. Adjust it, so that the deflection is 
about 40° to 50°. Note the distance d of the pole from the centre 
of magnetic needle. Read the deflections 9, and 9, at the two 
ends of the pointer. 


Transfer the magnet to the other side and place the same end 
on the scale at the same distance d from the centre of the magnetic 
needle. Note the deflections 9, and 6,. Find the average of 


the four deflections. 


‘Repeat the experiment with the other pole. See that, when 
one of the poles is on a level with the axis of the magnetic needle, 


the other pole is vertically above the centre of the needle. Note — 


the four deflections for the distance d as before. Find their 
average. Ee 
otiges * 
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Alter the distance from the centre of the needle and y 
repeat the experiment for two or three more distances. The 
deflections must not be greater than 55° or less than 35°. 


The magnetic intensity F at a distance d from a pole of strength 
m is a5 . This follows directly from the Inverse Square Law. 

If this intensity F is perpendicular to the magnetic meridian 
and a magnetic needle is placed at that point, then it will be 
deflected through an angle 6 ‘such that, 

Poe? El tan 8: 
ae = H tan @. = 
m 


eee oy ae OF 
u d? tan @. 


ye 


Since 7 is a constant, d? tan 6 will be, constant. If d? 


tan 6 is found to be constant, the Inverse Square Law gets verified. 
Again, if H is known, m can be calculated. 
m = H x d? tan 6. 
Tabulate the readings as follows :-— 
I. North pole of magnet on a level with the needle and the 
south pole vertically above its centre. 


GEARED <n eee co St EE 





Distance | North pole | North pole 
between east of west of 
pole and needle needle Average | Tan 9 
centre of 6 | 

needle 


_d Ai 


d? tang 








or 03 64 














‘II. South pole of magnet on a level with the needle and north 


pole vertically above centre of needle. 
Se ELS a ee 








South pole | South pole 





rea east of west of : 
etwee needle edle Av if 
oolenaae ae a | kd? tang 





centred SS . 
| ee | 04 Os 03 04 | , 





“5h 


oe 
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ik: = gauss. 
Mean value of d? tan 9 
“. Strength of North pole 
and strength of South pole 


| 


! 


! 


(B) Short magnet , 


Procedure :—The magnet supplied may be cylindrical or 
rectangular. : 


Tan A position :—Remove all magnets to a distance. Adjust 
the magnetometer for Tan A position, with the scale parallel to 
the aluminium pointer. 


Place the magnet vertically on the scale on one side (east or 
west) of the compass box, with one end resting on the scale, on a 
level with the magnetic needle. The line joining the pole at that 
end and the centre of the needle must be perpendicular to the 
magnetic meridian. Adjust its distance, so that the deflection is 
from 40° to 50°. Note the distance d from the pole to the centre 
of the needle and the deflections 9, and @,, at the two ends of 
the pointer. 


Transfer the magnet to the other side. Place the same pole 
at the same distance d from the centre of the needle. Note the 
deflections 6, and @,, at the two ends of the pointes 


Repeat the experiment, with the other pole resting on the 
scale. Keep it at the same distance d. Find the four defiections. 
Let them be 9,, 0,, 9, and @,. Find the average of the eight 
deflections. , 


Alter the distance and repeat the experiment for two or three 
more distances. See that the deflections are not more than 55° 
or less than 35°. c 


Remove the torsion in the suspension fibre of the of ee 
‘box, by keeping a brass rod similar to the magnet on the strirrup. 
Replace it by the magnet. Set it in vibration. Find the time for 
10 or 15 oscillations twice or thrice. Find the mean period of 
oscillation T. | 


Find the mass W of the magnet accurately. Measure its 
length / and breadth 5 with a vernier calipers. . 
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The magnetic intensity due to the magnet at the centre of the > 
magnetic needle is made up of, 


1) a force equal to 
S eee L ; | h : 
| alle ree rey ue to the pole rest- 
ing on the scale, along 
Ww E the horizontal. 

. 149 | (2) the component 

: of the force due to the 

other pole, along the horizontal, but in the opposite direction, 
equal to 





=e 4 pre's aa md ee 
GP) Sh ae ps 
So, the resultant intensity F is equal to 
m ie: oe 


2 Ge 
if this force is perpendicular to the miagneti¢ meridian, it will 
produce a deflection 6 of the needle such that 


fF = HH tan @. 
Oe sai a md = ; 
a) De (d® + /®) 3/2 [2 3/2 H tan G. 
m ne tan 6 : : 
H §1 d | 





From the known values of 9, d and /, + can be calculated. If 


H is known, m can be calculated. : 
-Now, if T is the period of oscillation of the magnet in the 
earth’s field, then 


I 
i * Te qT an ad sae 


where I is the moment of inertia of the magnet about an axis 
passing through its centre and prependicular to its length. ° 
4n 2] 


4n 21 
: and mH —_ 53 1. 





, since M =m X |, 


ae) 
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a } 3) 3 Oe 
hoe mh Hx == =m? and», =. H? 
. cis 


Jae Se Wie ee 
mH»x — 
J H 





Tabulate the results as follows:— 






















































asramand 
i : seakies 
North pole South pole | S 
on scale on scale He a 
: 2S aro Ae | Sack 
D aes 
Eee. | East | West | East | West | & g/ & 
ole es as Wes 
Bian centte c) en ae of | of s jlan@ 
of needle needle | needle | needle | needle is = (2, 
0 OS a | 
® 6; Ne lay es G7 Oa! ex 
. Mean value of 2! ee 
H 
iT. 
Time for Period of 
20 oscillations oscillation 
.. Mean pericd of oscillation = T secs. 
IIT. Mass of magnet . = W = grams 
(using a balance) os . 
Length of magnet = /{ cms. 
* Breadth of magnet a=. =D >: CMs; 
(using vernier calipers) 
Moment of Inertia I of magnet =W x Ae u pot) 


(assuming that it is rectangular). ° 
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.. The pole strength of the magnet 
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4x? I 
T? /— 


ods == fre 

. H 
mH 
and K = Af 
H 


ion = 


! 


and the Horizontal component = . 


the Earth’s field 


EXPERIMENT 73. 
VIBRATION MAGNETOMETER 


Aim :—(1) To compare the intensities of different magnetic 
fields (2) to vertify the Inverse Square Law and (3) to determine 
the polestrength, using a vibration magnetometer. 


Apparatus required :—Vibration magnetometer, long magnet, 


stop-watch , 





Fig. 150 


Description of apparatus :—One of the 
common types of vibration magnetometer is the 
Searle’s type. It consists of a cylindrical brass 
holder B. A short magnetic needle NS, is 
inserted into it at its lower end perpendicular 
to the axis of the holder. Below the magnetic 
needle and parallel to it, a long brass pointer P 
is inserted into ,the holder. The holder is 
suspended by unspun silk fibre, inside a cylin- 
drical glass jar. The mouth of the jar is 
covered by a wooden disc. A thin brass rod 
passes through the centre of the disc and*from 
a hook at the end of this rod the silk fibre is 
suspended. The rod can be raised or lowered 


for adjusting the height of the magnetometer above the bottom 


of the jar. 


9 





VIBRATION MAGNETOMETER 303 


(A) Comparison of magnetic fields 


Procedure :— With the help of a small compass needle, draw 
a line on the table to indicate the magnetic meridian and place 
the vibration magnetometer on the line. Remove all magnets and 
magnetic substances to a distance. If the silk fibre is free from 
torsion, the magnet will come to rest along the magnetic meridian 
and the brass pointer will indicate the magnetic meridian. The 
magnetometer usually oscillates without coming to rest quickly. 
In that case, lower the central rod till the magnetometer touches 
the bottom of the vessel and comes to rest. Then, gently and 
slowly raise the rod. 

Slowly bring a second magnet near the needle, set it in vibra- 
tion through a small arc and withdraw it. Omit the first few 
oscillations. When the ‘needle passes across the equilibrium 
position, start the stop-watch. Find the time for 20 to 30 oscil- 
lations. Take two or three readings. From the mean time 
taken, calculate the period of oscillation. 


Take the magnetometer to different places in the laboratory. 
At each place. repeat the cxperiment, and find the period of 
oscillation. 


Let T be the period of oscillation at a place where the 
magnetic intensity is H. Let I be the moment of inertia of the 
vibrating system and M the magnetic moment of the needle. 
Then, 








I 
es ae K 
MH: H | 
| m2 | ; : 
where cE K, a constar?t for the vibrating system. 
eek 4 os ae 


If n is the frequency of oscillation, 


Pe: gee or eee 


304 TEXT BOOK OF PRACTICAL PHYSICS 


If'H,, H,, H,, etc. are the magnetic intensities at various 
places and n,, n,, ng, etc., the corresponding frequencies of 
oscillation at the places, 


Hy. Hy Sy, tte = ay. a 


Tabulate the readings as follows :— 





Time for 25 oscillations Period F Bei 
Place ee —— Pacis Se n? 
| | | 4 3 Mean iE Oi 








Taking the intensity at any one place as the standard, find the 
ratios of, 
es is 


= : mar etc 
3 bf 2 $ 9 ° 
ny ny ny 


(B) Verification of Inverse Square Law 


Procedure :—A fairly long magnet must be used for this 
experiment. A long Robison’s magnet will be quite suitable. 


Remove all magnets and magnetic substances to a distance. °* 


Draw a line on the table to indicate the magnetic meridian. 
Place the vibration magnetometer on this line. Allow the 
vibrating system to come to rest. If the suspension is torsionless, 
the needle will come to rest, parallel to the magnetic meridian, 
See, if the pointer is vertically above the line drawn on the table. 


Set the needle to vibrate through a small angle, by slowly 
bringing a magnet near and withdrawing it. Find the time for 
20 to 30 oscillations. Take three readings and from the mean 
time, calculate the period. | 


e 
e Place the North pole of the long magnet on the line, due 
South of the needle, at a distance of 10 cms. from the centre of 
the needle. The pole must be on the same horizontal line as the 
needle. Slant the magnet, so that its other end is vertically &bove 
the centre of the needle. Clamp the magnet in this position using 
a wooden bunsen stand. Set the needle to vibrate. Find the 


time of 20 to 30 oscillations. Take three readings and calculate 


the mean period of oscillation. 


pa 


- 


ter 
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Move the pole to a distance of 15 cms., 20 cms., and 25 cms., 
from the centre of the needle. Keep the other pole vertically 
above the centre of the needle. For each position, find the mean 
period of oscillation, as mentioned above. [If there should be an 
appreciable difference in the period, as the pole is taken farther 
and farther away, the pole must be strong4 


Place the South pole of the long magnet, due North of the 
needle at the same distance, keeping the other pole, always above 
the centre of the needle. In each position, find the mean period 
of oscillation as mentioned above. 


Let the magnetic intensity due to the Earth’s field alone at 
the centre of the needle be H. When the North pole of a magnet 
is placed due South or thee-South pole of the magnet due North of 
the magnetic needle, with the other pole vertically above the 
centre of the needle, the magnetic intensity F at the centre of the 
needle is along the same direction as the Earth’s field. So, the 
total intensity at the point is(F -+ H). Let n, be the frequency of 
oscillation in the Earth’s field alone and n,, the frequency of 
~ oscillation in the combined fleld, when the distance is d. Then, 


H c¢ n,? and (F + H) <«n,?. 





| Ae a ee 
H Bige 
H nes 


Now, .F = 7 (derived from the Inverse Square Law), 


where m is the polestrength and d, distance of the point from 
the pole. | a 2 


@ 


m =) 
qe 2 
oo A eth? 
H ne? 
@ 
Mies gs (Me? = No 
H ihg.7 


EY a et fi,” \..- 
Since 5, 18 a constant, d 3} Will be constant. If this 
0 


is verified, the Inverse Square Law is verified. 
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d, n,,n, being known, 7 


of H is assumed, m can be calculated. 


Tabulate the results as follows :— 
IT. Earth’s field alone. 














epee be calculated. 





TEXT BOOK OF PRACTICAL FHYSICS 


If the value 











eR AN ee Ct: sees pe 
Trial Time for | Period ra n 8 
No. 25 oscillations - cP n == 
9 
*, IVhean i, 2S = ; 
II. North pole of magnet due South of needle. 
Time for 25 oscillations Al ih 
. | Period of |Frequency ee E 
as | oscillation ene eS ap 2a at ) 
Pic2°).3 ) Mean is as eee pn be 
| a 
| | | n 2 ae nN 2 
Mean value of d? eee = 
0 é 


Ill. 






Tigi on 25 oscillations | 










oscillation 


Mean 1 








112) 3 


Multiply the mean value of d? oie 


of H and calculate m. 


South pole of nce due North of ce 


| Period of ‘Frequency 


1 








(n, * aa 
n,? |d2 aad 


2 
zg : by the known value 
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EXPERIMENT 74 
MIRROR MAGNETOMETER 
VERIFICATION OF INVERSE SQUARE LAW 


¢ 


Aim :—To verify the Inverse Square Law using the mirror 
magnetometer. 


Apparatus required :—Mirror magnetometer, short magnet 
(about 4 cms. long), stand for the same, telescope and scale. 


Description of Mirror Magnetometer :—Two or three small 
_ bits of steel about 5 mms. long (cut from the main-spring of a 
- watch) are magnetised and cemented 
to the back of a circular (galvano- 
meter) Mmitror .about..1 .cm.. in 
diameter. All the north’ poles must 
face the same direction and all the 
south poles, the opposite direction. 
The mirror is fixed to a light alumi- 
nium or brass frame and suspended 
vertically by a strand of unspun silk 
fibre, free from torsion, inside a 
brass case. The brass case has “a 
glass window in front of the mirror 
and acircular base provided with 
levelling screws. The silk fibre is %# 
hung from a head which can be 
rotated. There is <ufficient space 
round the mfrror to turn freely and its plane is adjusted to be 
vertical. . 






CIA 
S zzzzaN 
WIZZ 


gasse 


Ried 


Procedure :—All Magnets are removed to a distance. Two 
long lines are drawn on the table along and perpendicular to the 
_Magnettic meridian respectively. The magnetometer is set up at 
the point of intersection of the two lines with the plane of the 
mirror coinciding with the magnetic meridian. The north poles 
of the magnets at the back of the mirror must be facing north. 
‘Then only the mirror will hang freely. Level the magnetometer, so 
that the plane of the mirror is vértical and it does not stick when it 


potates; =.-° + 5 
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Mount the telescope and scale in front of the magnetometer. 
Fix the scale in the horizontal position. Rotate the telescope, 
so that its axis is horizontal. Raise or lower it till its axis passes 
through the centre of the mirror. Adjust the eye-piece so that 
the cross-wires are distinctly seen. Focus the telescope on the 
image of the scale seen by reflection at the mirror. Adjust the 
position of the scale, sé that the point of intersection of the cross- 
wires coincides with a division at the centre of the scale. Note 
the reading. This is the zero reading. . 


Place the short magnet horizontally on a wooden stand. 
Adjust its height, so that it is the same as that of the mirror. 
Place it on the line drawn perpendicular to the magnetic meridian 
at a distance of about 100 cms. from the mirror, due east or west 
of it. Adjust it, so that the axis of the magnet passes through the 
centre of the mirror. 


© 


The mirror is now in the Tan A or End-on-position. Note 
the reading on the scale, when it becomes steady. 


Move the magnet slowly towards the mirror through 10 cms. 
Note the steady reading. Move it through another 10 cms and 
note the steady reading. Take readings for three or four distances. 
Take care to see that the maximum reading does not go beveny 
the scale. 

After taking the reading when the magnet is nearest to the 
magnetometer, reverse it end for end. Place it at the same 
distance and note the steady reading. Move it away from the 
magnetometer by 10 cms, at a time and note the steady readings 
corresponding to each distance, ¢ 

‘[Note:—At each distance, the magnet may be reversed end 
for end and the readings noted. But this will set up oscillations 
of the mirror and it may take a long time for the oscillations to 
die out. So, the above procedure is suggested. ] 


Transfer the stand with the magnet to the other side of the 
magnetometer. Repeat the ey and note the readings 
corresponding to each distance. 


Place the stand on the line: ner ee the magnetic 
meridian, due north or south of the magnetometer, at a distance 


te 


R 
Bo —— 
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when i is SO small, that eiygher: es of 5 ~, can be ignored. 
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of about 100 cms. from the mirror. Adjust the magnet, so, that its 


axis is perpendicular to the magnetic meridian and the centre of 
the mirror lies on its perpendicular bisector. 


The mirror is now in the Tan B or Broadside-on position. 
Note the reading on the scale, when the deflection has become 
steady. Move the magnet by 10 cms. at a time towards the 
mirror and note the steady readings on the scale. Take readings 
for the same distances as in the Tan A position. 


After taking the reading in the position nearest the mirror, 
reverse the magnet end for end. Replace it at the same position 
and note the reading, when the deflection is steady. Move the 
magnet away, by 10 cms. at atime and note the steady readings 
corresponding to each distance. 


Transfer the magnet to the opposite side of the magnetometer. 
Taking the same precautions, repeat the experiment and take the 
readings corresponding to the same distances. 


The magnetic intensity F,, at any point along the axis ofa 
magnet-is given by the formula (derived by assuming the Inverse 
Square Law), 


ed. 2Md.. 2 2M 
ee es UP a 


when / is so small compared with d that higher powers of = can 


be ighored. 


_ Similarly, assuming the Inverse Square Law, ‘the magnetic 


intensity at any point on the’ perpendicular bisector of a based i 
is given by _ | 


M 
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For the same short magnet of magnetic moment M, if d is 
the same, 


: 2M 
Pie ae . 
ae 


ies the intensity at any point along the axis of a state bane 
is twice the intensity at a point at the same distance from the 
centre of the magnet on the perpendicular bisector, provided that 
the distance is large compared with the length of the magnet. 


In the above experiment, if 9, is the mean deflection in the 
Tan A position, for a certain distance, 


F, = Htan 6, 
If ae is the mean deflection i in the Tan B position, for the same 
distance, : | 

ae = tat 6; re 


Ey. Ustaneg) ee 


“tah Heian 6, ae 
combining (i) and (ii) | 


2 


(it) 





fan @, = 
tan 65 





This was aa ae by Gauss and experimentally ieee fae 
it is known as Gauss’ method of verifying the Inverse Square Law. 


Again, let the distance between the centre of the mirror and 
the scale be D, and the displacement on the scale s, corresponding 
to a deflection 9 of the mirror. Since the reflected ray turns 
through twice the angle through which the mirror turns, . - 


L ‘ : 
mn os" 

‘Hence, if .s; is. the mean displacement on the scale corresponding 

toa deflection of 6, inthe Tan A ‘position, and s,, the mean 

di$placement corresponding to a deflection of 6, in the Tan B 

position, for the same distance d, 


3 
tan “0, 2 2D srr * ; 
tan 6, ae - 
2D 
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Tabulate the results as follows ‘:— 


Distance between scale and centre of mirror = Dcms. 
Zero reading on scale = 
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Mean value of cae = 
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Note :—The ratio of + must be less than ;'; for satisfactory 


results. You must use a powerful magnet. 


Determination_of M and H 


, 


Find the mass W of the magnet used, accurately. Measure 
its ‘length a and breadth b. If the magnet is rectangular, its 
moment of Inertia I about an axis passing through its centre is 
given by, 

oa a2 + b? 
i) 

Remove the torsion, if any, in the suspension fibre in the 
vibration box, place the magnet in the stirrup and find its period 
of oscillation T. (Vide experiment 71). 


ae 
T=2ny/ ote 


# | 4n? I 
. MH=—"— 


Calculate the mean value of Bat from the readings taken in 


the epemment SE sig in the Tan ‘a and Tan B positions. 
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In the tan A iti MS aes tai 
position, i od n@ 
Wes eats Sy. 
pe ee B86 aii 


In the tan B position, 


|< 


= (d? + 19)3/2 x tan 6, 


fo / 
(d? + [2)8 2X a 


From the known values of M H and a calculate M and H 


H 
(Vide experiment 71), 
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BLECTRICITY 
ELECTRICAL ACCESSGRIES 


A number of electrical accessories are in common use in 
most electrical experiments. They are assembled together and 
connected so as to form circuits, for the electric current to 
pass through them without break. The common accessories are 
connecting wires, terminals, batteries, galvanometers, ammeters, 
voltmeters, resistances, keys, etc. A good knowledge of their use 
is essential for successful performance of experiments. 


Connecting wires and terminals 


The various ‘instruments and accessories in a circuit are 
connected with each.other by connecting wires. These wires are 
of copper, insulated by double covered cotton. Silk or rubber or 
plastic insulated wires also may be used. The copper wire is 

. generally of gauge 20 or 22 S.W.G. The resistance of the connect- 
ing wires*is so small that it can be ignored. The ends of these 
wires must be bared and cleaned with sand paper before they are 
used for connections. All the electrical instruments and accessories 
have terminals fixed onthem. The end of the connecting wire must 
be inserted into or round the terminal in the clockwise direction 
and secured firmly. If the contact is loose, either no current will 

pass or a large resistance will be introduced into the circuit. 
- After connecting a wire to a terminal, gently pull it to see if it is 
a 


firm. 
Batteries 


_ In every circuit, a source of electric current must be eluded 
for the supply of current. Batteries are used for the purpose. The 
primary batteries used are the Lechlanche’s cell and the Daniel’s 
cell. Secondary batteries used are accumulators (or storage 
hatteries). 


A 


Lechlanche’s cell :—It is an easily prepared single fluid cell, 
the liquid being a concentrated solution of ammonium chtoride, 


40) 
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The positive plate is a carbon rod surrounded by manganese- 


di-oxide kept in a porous pot. The negative 
pole is an amalgamated zinc rod. It has an 
E.M.F. of about 1°45 volts. But its depolarising 


==7 | action is slow and it has a large internal 





MESS 
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Fig. 152 


sulphate solution. 


resistance. So, only when small, momentary 


4 currents are needed, 1t is used. 


Dantel’s cell:—The positive plate is a 
plate of copper immersed in saturated copper 
The negative pole is an amalgamated zinc rod 


immersed in dilute sulphuric acid kept in a porous pot. A freshly 





es ee ee 


Fig. 133 


prepared Daniel’s cell gives a constant E.M.F. 
of 1:08 volts, if it is not used for drawing 
currents. Its depolarising action is better than 
the Lechlanche’s and its internal resistance 
also is less. When a standard cell is not 
available, the Daniel’s cell can be used instead, 
if very high precision is not required. 


Accumulator or storage battery is a 
secondary cell, which has to be periodically 
charged after being discharged. There are two 
types—the acid and the alkaline. In the acid 
type, dilute sulphuric acid of a specified density 
is used with lead (negative pole) and 


lead per-oxide (positive pole) plates dipped in them. The density 
of the acid and the voltage indicate the charged condition of the cell. 
A freshly charged accumulator gives a steady, constant E.M.F. of 





2 volts and can be used for drawing large 
currents. Its: internal resistance is negli- 
gible. For most experiments, the source of 
electricity used is this type of accumulator. 
But it is absolutely essential that, whenever 
an accumulator is used, there must be no 


short circuiting of the poles of the cell. 
Since its internal resistance is negligible, 


any short circuiting of the poles will ruin 
the cell. Wi 


tad 
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Dial Resistance Box 
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The alkaline type—known as the Ni-Fe cell—has two plates 
of Ni and Fe dipped in strong KOH solution. ‘These cells are more 
robust. They give an E.M.F. of about 1°3 volts. But the E.M.P. 
is not so steady as the acid type. Large currents can be drawn 
from them and they do not need so much attention as the acid 
type. 

Mains :—In certain experiments, the required current can be 
drawn from the mains, taking the necessary precautions. 


Galvanometers 


Galvanometers are used in circuits, mostly for indicating or 
detecting currents, with the exception of the tangent galvano- 
meter, which is used for measuring current in absolute measure. 

Tangent galvanometer :—It consists of a circular coil of 
insulated wire, wound over a vertically mounted wooden or brass 
ring, with a deflection magnetometer placed at its centre. Whena 
current is passed through the coil, the magnetic intensity at the 
centre of the coil is perpendicular to the plane of the coil. So, if 
the coil is set up in the magnetic meridian, the intensity F at the 
centre of the coil will be perpendicular to the magnetic meridian. 
Hence, the magnetic needle at the centre will be deflected through 
an angle 9g, such that F = H tan 9, where H is the horizontal 

- 2nnC 
component of the earth’s field. F = POR. where 0 is the number 
of turns of wire in the coil, r, the mean radius of the coil and C, 
the current in amperes passing through the coil. Hence, 


2nnCc 
ete H tan @ 
5 Be 10r H tan 6 





— Ogen 


Thus, C can be calculated from the 
Known values ofr, H, neand 6. 
Refer to experiment 75 for fuller 
details about the tangent galvano- 
meter and for the precautions to be 
taken in it. use. ‘ 

As th: tangent galvanometer is 
not sensiti e enough for the accurate 
measurem: at or detection of current, Fig. 15 
it is rarey used for such purposes. BY 
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Moving coil salvanometer :—For most experiments, a moving 
coil galvanometer is used for the detection of current. It consists 
of a coil of wire, suspended freely between the poles of a powerful 
permanent magnet of the horse-shoe type. 


In the table type of galvanometer, a pointer moving over a 
graduated scale is attdched to the coil. Current passes into the 
coil and out, through phosphor 
bronze spirals of wire, which do 
not impede the movement of the 
coil. In the undeflected position, 
the plane of the coil is parallel 
to the lines of foree, “Whenw 
| current passes through it, it is 
| deflected, the deflection being 
\ proportional to the current passing. 





oo 
ae = SS 


) 
| 


) yt AN) ll | In the unipivot type, the coil 
iiesisa. ee is balanced on one pivot only. 
Hence, its movement is _ less 

restricted. The galvanometer is more sensitive. e 


In the moving coil mirror galvanometer, the coil is suspended 
by a phosphor bronze strip. A small mirror is fixed to the coil. 
A spot of light is directed on to the mirror. After reflection, it is 
caught on a translucent scale. When the coil is deflected, the 
mirror also is deflected. So, the spot of light moves on the scale. 
From the deflection of the spot of light, the current can be 
estimated. . c 


These galvanometers are very sensitive. They are mostly 
used for detection and measurenient of minute currents and 
particularly in circuits for obtaining balance. Moving coil 
instruments are not affected by magnetic fields. As they are very 
sensitive, only small currents must be passed through them, 

Tt. 
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Ammeters 


dty't \ 
- Ammeters are instruments used for direct measurement of 
current in amperes. Ammeters in general use are moving coil 
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galvanometers, with low resistance shunts connected ine parallel 
with them. When a current is passed through the combination, 
the major part of it passes through the shunt, while only a fraction 
passes through the galvanometer. Let G be the resistance of the 
ealvanometer, S, that of the shunt, C, the current passing through 
the combination, C,, the current passing through the galvanometer 
and C,, the current passing through the shunt. Then, 


C = Cy -- oe 
Oe Oe: 6 i Ont. 
foe ee es Ce 
rq eet: ae oe Se OAR oe Or e 
Q 
coe 


By suitably adjusting the value of 
S, any fraction of the total current 
can be passed through the galvano- Fig. 157 
meter. Thus, let one division on 





e the eat as indicate one milliampere. By making 
@ +3 
‘Ss 





equal to 1000, one ampere passed through the combina- 


tion will produce a deflection of one division only in the galvano- 
meter which will now represent one ampere. Thus, by choosing S 
properly, different ranges can be obtained. 


The resistance of an ammeter is almost the same as that 
of the shun& Hence, it will be small. If the readings of an 


ammeter are to be relied upon, it has to be calibrated 
periodically. 

® 

Voltmeters 2 

Voitmeters are used for the measurement of potential 

diffegences in volts. A voltmeter .in general use is a 1 moving coil 
galvanometer with a /arge resistance connected in ser les with it. 
When a P.D. is applied to the combination, only a small current 
‘passes. through it, as the totai resistance is large. Let G be the 
i peslstetoncgs the galvanometer and R, that of the series resistance, 
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If a P.D. of V volts is applied to them, the current C produced 
will be given by, 


‘ a eee Vv 
oN <0 Cae =p or V = CG+CR 


If CG is equal to v, then 
V _~CG+CR _ G+R 
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By suitably choosing R, ~y can be 


Fig. 15 
1g. 158 adjusted to be any ratio. This 


let one division of the galvanometer indicate one millivolt. By 
connecting in series with it a resistance R equal to 999 G ohms 
and applying aP.D. of one voit to the combination, a deflection of 
one division only will be produced in the galvanometer. But it will 
now indicate one volt. By choosing R suitably, different ranges 
can be obtained. 


The resistance of a voltmeter is generally large due to the 
large resistance connected in serics with the galvanometer. 
Voltmeters have to be calibrated periodically. 


Resistances e 


Resistances are used in electrical circuits for regulating or 
altering the currentsin them. They are constructed of ereater or 
less lengths of wire of german silver, or platinoid or nichrome 
or manganin or  constantan or minalpha depending on the 
particular instrument. For standard resistances, materials of low 
temperature coefficient like manganin or constantan or minalpha 
are chosen. E ‘ 

Rheostats are adjustable resistances. They are used for 
continuously varying the resistance in c) cuits, when it is unneces- 

. sary to know the value of 
the resistance included 
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INS8 in the cireutt. The 
ey hi resistance wire is closely 
Le wound over a_ long 
Sy bobbin of porcelain 
Fig. 159, : or other insulating 
° material. ‘The two ends 
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are connected to two terminals. A sliding contact moving on a 
metallic rod enables you to include any desired part of the resistance 
in the circuit. A terminal is fitted tothe metallic rod. When one 
of the end terminals and the terminal connected to the sliding 
contact are used, it functions as an adjustable resistance. 


For every rheostat, there is a current rating, 1.e. the maximum 
safe current. It must never be exceeded. 


Rosistamce boxes :—-A resistance box consists of a series of 
coils of known, specified resistances. They are generally - 
insulated wires of manganin 
or constantan having a low- 
temperature coefficient, wound 
on wooden bobbins, non-induc- 
tively. For larger resistances, 
finer wires Are used. The 
bobbins are fixed to the under 
surface of the top of the box. 
The top is generally of ebonite. On the upper side, a series of stout 
brass blocks are fixed close to but separated from each other. The 
sides of these blocks facing each other have grooves in them which 
form conical sockets. Brass plugs are provided which fit tightly 
into these sockets. Short thin brass rods fixed to the blocks 
project inside the box. The ends of each of the coils are soldered 
to these rods, so that each block is connected to the next one 
through a resistance coil. When the plug is inserted in the socket 
above, the two neighbouring blocks get short-circuited and the 
resistance ufderneath is cut out. If: the plug is removed, the 
resistance gets included in the circuit. ; 





Fig. 160 


The resistances of the goils are arranged in a regular series 
Bees 0, 20, 20; 50. etc. Hence, by removing the particular 
plugs, any desired resistance can be introduced into the circuit 


. If there is loose contact between a plug and the socket that 
resistance will get introduced into the circuit, without the know: 
ledge of the experimenter. So, the plugs must be inserted 
into the sockets with a clockwise screw motion every time, to 
ensure good contact, | eee oy 
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_ In most boxes, there will be an ‘‘infinity” plug. Under this 
socket, there will be zo resistance coil. When the plug is removed, 
the circuit will be broken. 


Dial pattern boxes also are often used. They havein them a 
group of ten 1 ohm coils connected in series, a group of ten 
10 ohm coils connected in series, and so on. The ends of 
consecutive coils are soldered to the bottom of brass studs 
arranged in a circle on the top of the boxes. A sliding metallic 
brush operated by a knob at the centre makes contact with any 
stud. By operating these knobs, any desired resistance can be 
obtained. The nuisance due to loose contacts prevalent in plug 
type boxes is avoided in this type of boxes. 


Resistance coils :— Individual 
resistance coils are required for 
various purposes. Resistance coils 
of the desired value are wound 
on bobbins non-inductively. Their 
ends are soldered to thick brass 
strips attached to terminals. 





As resistances get heated when currents are passed, it is of 
the utmost importance that large currents are not passed through 
standard resistance coils. 

A safety high resistance is generally used in series with sensitive 
galvanometers to prevent damage to them. 
It is of the order of 10,000 to 20,000 ohms. 
It has fixed on it a plug key, to the terminals 
of which, the ends of the resistance are 
connected. When the plug is inserted, the 
cee 3 resistance gets cut out. When the plug is 
removed, the resistance is introduced in the 





rae circuit. : 


Fig. 162 : 
Keys 
Keys are used not only for closing or opening circuits but 
modified forms are used for reversing currents, charging and 
discharging condensers, etc, 





7,otandard Resistance with 
Potential and Current terminals 











Standard Resistance 
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A Tap key is a simple key used for momentarily closing circuits. 
A metallic strip is fixed to one terminal ; 
in the key and a metallic stud, to 
another terminal init. The strip stands 
normally a little above the stud. When 
it is pressed, it comes in contact with 
the stud and metallic connection is 
established. The key can be included Fig. 163 
in a circuit and used for momentarily closing the circuit. 





A Plug key consists of two rectangular brass blocks, fitted 
close to but not touching each other on a base board of teakwood 
or ebonite. The sides of the blocks 
facing each other, have grooves in 
the middle, so as to form a conical 
socket. A brass plug fits into the 
socket. Terminals are fixed at the 
Fiz. 164 ends of the blocks. The plug key is 

included in a circuit, for closing or 


opening it. When the plug is in the socket, the circuit is closed. 
, When it is removed, it is open. 
2 





Commutator or current reverser 

Jn many circuits, it may 
_ become necessary to reverse 
the current either in the whole 
Or she “circuit. or -part . of 
it. This is effected by using 
a commutator Or current 
reverser. It hasin it four 
terminals 1, 2,3, 4. By a lever arrangement, it is possible to 





Fig. 165 


; rat : establish contact bet- 
a) (it) ween. 4, 2 and 3, 4 

A : or beiween “1. .3° and 

2 2,4. 1 and 4 are con- 


Ml 7 4 : 
— >" op SM M | V4. nected to the main 


circuit, while 2 and 3 
Oe 1 to the: part of the 
DIRECT | REVERSED circuit in which the 
Fig. 166 current has to be 
| reversed. i 
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The Pohls commutator has in it four cups with mercury. 
Cross metallic strips link the opposite 
cups. A terminal is fitted to each 
z cup. There are two other mercury 
| mae a “} cups with independent terminals fitted 
oe: ® /@ to them. A rocker is used for 
Y reversing the current. Let AY 2 se 
aa ee the independent terminals. They are. 
connected to the maim circuit, 
are the terminals on one side and E, F on the other. One of 
these pairs is connected 
to the secondary circuit. eS (iI) 
Cross-pieces connect C, oe 
F and D, E. When the 
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B 
rocker is on one side bs oe B 
. e 4 = 
there is metallic con- : . 


nection between A, C 
and B, D. When the 
rocker iS swung over, 
connection is established 
between A, E i.e. A, D and B, F ie. B,C. Thus, the current 
gets reversed in the secondary circuit. 





Fig. 168 


Two-way key :—This has in 
it a brass block with a terminal 
A fixed on it. Two other brass 
blocks are fitted by its side with 
terminals B, C, fixed on them. 
By means of a plug, metallic 
connection can be established 
between A and B or A and C. 
Fig. 169 | Thus, either the circuit connected 

to A, B or A, C can be closed. 


Double-pole double-throw key :—is used for including in a 
circuit, one or the other of two resistances or cells, etc. It has in 
it six terminals A, B, C, D, E, F. A, B are connected to the main 
circuit. C, D and E, F are respectively connected to the two 
resistances or cells. By a_ lever arrangement, contact can be 
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established between A C, BD or between A E, BF. Thus, one 
or the other can be included in the 
main circuit. 

If the. cross- pieces are removed, 
a Pohl’s commutator (fig. 168) can be 
used for this purpose. 


Charge and discharge eo: :—Is 
used for charging and dis-charging 
a condenser. It has three terminals F 
fixed to’ it. Suppose they are x, y,z. x is a common terminal. 
The condenser C is connected 
through x-and y to -a  cel* BL. 
When x and y are connected, the 
condenser gets charged. The con- 
denser is connected through x and 
z to a ballistic galvanometey BG. 
When x and z are connected, the 
condenser gets discharged through 
the galvanometer. 








Fig. 171 


A “morse key “pe 172) can also be used for the above purpose. 


W sone wo 


_ instructions for electrical 
experiments 


(1) Drawa neat and clear circuit 
diagram before you start the experi- 





Fig. 172 


(2) All the contacts must be clean. 
(3) After making each connection, test it to see, if .it is 
tight. 

(4) A circuit must be chosed, only when you are taking a 
reading. So, to control it, always include a plug key in fhe 
rout When not required, keep the circuit open. 

. (5) The connecting wires must .be neatly disposed of, so as 
Caae to cross cach other or come in contact with each other. An 
-élegant method is to have all of them wound in the form of spirals 
“before starting the experiment. You can use a pencil or.a glass 
tube for the Rupee. 


’ 
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(6) You must never close a circuit, without seeing whether 
there is sufficient resistance in it. This is particularly important 
when you are using an accumulator. It has negligible internal 
resistance. So, if there is not sufficient resistance in the circuit, it 
will get short-circuited and very large currents will be drawn 
from it. | ! 

(7) You must always use a safety high resistance along with 
a sensitive galvanometer. It must be cut out only when a very 
small current passes through the galvanometer. In the absence of a 
high resistance, you may use a small length of resistance wire and 
connect it in parallel to the two terminals of the galvanometer. It 
will act as a low resistance shunt and prevent damage to the 
galvanometer. 


EE ———————— oa 


EXPERIMENT 75 
TANGENT, GALVANOMETER 
Calibration of ammeter 


Aim :—To measure the absolute value of a current using a 
tangent galvanometer and calibrate an ammeter. | 


Apparatus required:—Two or three accumulators, tangent 
_ galvanometer, ammeter, commutator, rheostat. 


Description of apparatus :—The tangent galvanometer consists 
of a coil of insulated wire wound over a circular frame of wood or 
brass, mounted vertically on a base provided with levelling 
screws. The number of turns of 
wire in the coil depends on the 
current to be measured. The 
diameter of the coil is about 7:5 
to.10 cms. A deflection -magneto- 
3a meter is mounted at the centre of 
the coil on a vertical support, such 
“. that the centre of the magnetic 
needle coincides with the centre of 
the coil. The ends of the coil of 
wire are connected to two termi- 
nals fixed on the base of the 
instrument. 
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For this experiment, use a coil of 3 to 5.turns of insulated 
thick copper wire. Ifthe tangent galvanometers available in the 
laboratory do not have such a coil, prepare one by winding the 
necesary turns of wire over the circular frame. 


Procedure :—Connect up the battery of two or three accumu- 
Jators, a plug key, the ammeter (range 0.to 3 amps.), a rheostat 
(range 10 to 15 ohms., of 


R | 
=u | ( Bae URE VY on the required current carry- 


the tangent galvanometer 
coil through a commutator. 


Have no magnets or 
magnetic substances near 
the tangent galvanometer. 

Fig. 174 The rheostat must be kept 

avat a distance from it, 

since when a current passes through the rheostat, the magnetic 

field produced may affect the magnetic needle in the magneto- 

meter. The ammeter’ also must be at a distance from the 
magnetic needle. © 





, Level the galvanometer, so that the needle moves freely. 
Turn the plane of the coil so as to be in the magnetic meridian. 
Rotate the magnetometer, so that the aluminium pointer reads 
zero, zero. The commutator is connected to the galvanometer, so 
that the current passing through it can be reversed, while in the 
rest of the circuit, it passes in the same direction. 


‘Adjust the slider on the rheostat, so as to include the whole 
of the résistance in the circuit to start with. Close the circuit by 
inserting the plug in the key, Note the deflection in the tangent 
galvanometer. a the rheostat so that the ammeter reads, 
_say, 03 of an amper [Ascertain up’to what value of current 
and in how many i the ammeter has to be calibrated.] Note 
the*deflections at both ends of the*pointerin the magnetometer, 
Reverse the current in the tangent galvanometer coil and note the 
deflections again. Adjust the rheostat, so that the ammeter reads 
0-6 of an ampere. Note the “deflections in the galvanometer. 
Reverse the current and note the deflections. Proceeding in this 
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mannes, find the deflections in the tangent galvanometer, corres- 
ponding to the ammeter readings of 0:9, 1:2, 1:5, etc. amperes. 
The maximum safe current depends on the galvanometer coil. 
For each reading, reverse the current in the galvanometer and 
note the deflections. 


Increase the resistance in the rheostat and reduce the readings 
of the ammeter to 1°5, 1:2, 0:9, 0°6, and 0°3 amperes. In each 
case, note the deflections in the tangent galvanometer, as before. 


Note :—It must be remembered that the tangent galvanometer 
is most sensitive, when the deflection is 45°. Deflections above 60° 
and below 30° will not give accurate results and must be avoided. 


Measure accurately the circumference of the coil used and 


calculate its radius. Find out the number of turns in the coil. 


Theory:—When a current of C amperes passes through a 
circular coil of wire of m turns of mean radius r, the magnetic 
intensity F produced at the centre of the coil is given by » 


 2mRnG 
108 


This is perpendicular to the plane of the coil.» Since the gaivano- 
meter coil is in the magnetic meridian, the above intensity. is 
perpendicular to the magnetic meridian. If the deflection-in the 
magnetometer is 6, 


F =H fan 9 


where H is the horizontal component of the earth’S field. -Com- 


bining the two equations, 


2nnC 
( PA 10r 
at 10rH 


ete Sis oer tan @ amperes. . 


ea! tan a) 


C.can be calculated from the known values of r, n, H and @. 


Gorrect the corresponding readings in the ammeter using the 
calculajed values. | 


oe 


the ring horizontally, | 
‘with equal lengths projec- 
_ ting on both sides of the : ice 
coil. It is adequately supported at the two ends 
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‘Tabulate the results as follows :— 


























~ Radius of coil = cms. 
Number of turns of coil = a 
Horizontal component of the Earth’s field = gauss. 
Ei Deflection oS | 
as RG na are ran c D 
S | Current decreasing | Current ancreasing D as 3 e 5 
4 ne ee iecaeeee eee —_ : c 4 ~ 
& ;P Direct Reversed Direct : Reversed oy . LA oh ® 
4. . | ne ees eS - n= a 
ae ee j - OS EIO 
ne. le, 0, 04 ae 0; Os Bon 
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EXPERIMENT 76 


FIELD ALONG THE AXIS OF A COIL CARRYING 
CURRENT—DEFLECTION MAGNETOMETER 


Aim :—(A) To measure the magnetic intensity along the axis 
of a circular coil carrying current using a deflection magnetometer 
and to calculate the current and (B) to deter mine the moment of 
a magnet. 

Apparatus required :—-Field along axis of coil apparatus, 
deflection magnetometer, two or three accumulators, ammeter, 
rheostat, commutator, plug key, magnet. 

_ Description of apparatus :—A coil of thick insulated wire of 
5 to 10 turns is wound over a circular frame (ring shaped), 15 to 
20 cms. in diameter. 
This - is fixed. vertically 
on @ suitable support. 
_ Awooden platform about 
80 ems. long and 6 to 8 
ems. broad is fitted inside 





af 


; When a deflection magnetometer is placed on “the otuemorin: 
the centre of the magnetic needle lies in the horizontal plane 
passing through the centre of the coil, ? 
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; (A) Measurement of current 


Procedure :—Connect up the battery of two or three accu- 
mulators, the plug key, the ammeter (of range 0 to 3 amperes), 
and the rheostat (of range 10 to 20 ohms and of sufficient current 
carrying capacity) in series with the coil through the commu- 
tator (fig. 174). 


Turn the coilso as to be in the magnetic meridian, ascer- 
tained by using a compass needle. Do not keep the ammeter or 
the rheostat near the coil. Place the deflection magnetometer on 
the platform with the centre of the needle, at a distance of, say, 
5 cms. from the centre of the coil, along its axis. Rotate it, so 
that the aluminium pointer reads zero, zero. 


To start with, include the maximum resistance in the 
rheostat and close thecircuit. Adjust the rheostat, so that the 
ammeter indicates a current of | ampere. Note the deflections at 
both ends of the pointer in the deflection magnetometer. This 
deflection must not exceed 60°. Reverse the current in the coil 
and again note the deflections. 


Open the circuit. Move the magnetometer along the axis, 
away from the centre of the coil by 5 cms. Close the circuit and 
note the deflections. Reverse the current and again note the 
deflections. Move the magnetometer along the axis of the coil, 


so that its centre is at 15 cms, 20 cms, 25 cms. etc., from the ~ 


centre of the coil. In each position, pass the current through the 


coil in both directions and note the corresponding deflections in 
the magnetometer. 7M 


Transfer the magnetometer to the other side of the coil. 
Place it at the same distances from the centre of the coil. In 
each position, pass the current through the coil in both directions 
and note the corresponding deflections in the magnetometer. 


Repeat the experiment using currents of 1:5, 2:0, etc.,, 
amperes, See that the deflections range from 30° to 60°. 


Note the number of turns in the coil. Measure accurately 
the circumference of the coil and calculate its radius, 


. 
. 


| 
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Theory. :—The magnetic intensity F at any point on the axis 
of a coil of 2 turns of-radius r cms., when a current of C amperes 
passes through it, 1s given by, 

awe 2G Bh tne 
10 (72 + d2)3/2 | 
where d is the distance of the point from the centre of the coil 
along tS AXIS... 


If the coil is 5 placed along the magnetic meridian, He 
intensity will be perpendicular to the magnetic meridian. A 
magnetometer placed at the point will indicate a deflection. given 
by, 

F = H tan 9 
Combining the two equatiens, 
; py aa tan tes OY 
10 (¢2 ++ d?)3/2: 
~ 10? + d?)3/2 x HY 
ay ee 
, 2 th: 17 


= He tan 6 


n @ 


‘From the eit values of n, r, d, H and 0, C€ can be calculated. 


| Peiulate ‘the results as follows : 
Number of turns of coil | = 


Radius of coil | ys ==, < GTS: 
Horizontal component of the earth’s field = gauss. 
ikeading of current in ammeter arg = amperes. 










































oS | Deflection in Magnetometer ieee 
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(B) Moment of a magnet 


The above experiment can be modified for the determination 
of the moment of a magnet. Pass a steady current through the 
coil and get a suitable deflection (between 30° and 60°) in the 
magnetometer placed at a distance of d, cms. from the centre of 
the coil. | 


Place the “given magnet on the other side of the magneto- 
meter, with its axis along the axis of the coil and passing through 
the centre of the needle. Adjust its position and cancel the 
deflection produced in the magnetometer. Note the distance d’ 
between the centre of the magnet and the centre of the magneto- 
meter. Reverse the current in the coil and reverse the magnet end 
for end. Adjust its distance d’’, so that the deflection is again 
zero. ‘Transfer the magnetometer and the magnet to the other 
side of the coil. Place the magnetometer at the,same distance d, 
cms. from the centre of the coil. Find, as before, the distances d’’’ 
and d’’”’ of the magnet from the magnetometer for which the 
deflection is zero. Let the average of d’, d’, d’” and d’’” be dg. 


Change the distance d, and determine the corresponding 
average value of d,. Take two or three sets of readings. 


Now, due to the current in the coil, the intensity F, at the 
centre of the needle is given by 
= Pistia © 
a 10 (r? + d,;7)! 
Due to the magnet (in its end-on-position) the intensity F, at the 
centre of the needle is given by, _ 


Fy 


€ 
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2Md, 


= @? — Fp 


Since the resultant deflection is zerd, 
© 
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From the known values of n, r, d ig has d, and /, calculate M. #., 
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Tabulate the results as follows :— 
Number of turns of coil = 


Radius of coil = cms. 
Current in ammeter oe BiNperess 2% 
Length of magnet ae cms. 





_ |Distance between centre of magriet 
Distance | and centre of magnetometer for 














between nil deflection , a) Bees 
Sr oe iss Pree ween erietGl 
coiland | Magneto- | Magneto- i0@ + d,*)2 
centre of meter meter _ | ve 
magneto- | East of coil | West of coil;Mean| yx (d=) 

meter care eels d. 

a d’ a a?’ aq 
; Mean 





a. | 


.. Mean magnetic moment of 
the magnet 


EXPERIMENT 77 


FIELD ALONG THE AXIS OF A COIL CARRYING 
CURRENT—VIBRATION MAGNETOMETER 


Aim :—To measure the magnetic intensity along the axis of a 
coil carrying current using a vibration magnetometer and calculate 
the current. 

Apparatus required :—Field along axis of coil apparatus, 
vibration magnetometer, two or three accumulators, ammeter, 
rheostat, commutator, plug key, stop-watch. 

Description of apparatus "The same apparatus as was used 
in experiment 76 is used here. The deflection magnetometer is 
replaced by a Searle’s vibration magnetometer, Itis placed on the 
platferm with the centre of the needie in the same horizontal 
plane as the centre of the coil. | 


_ Procedure :—Connect up, as in the previous experiment, the 
battery of two or three accumulators, the plug key, the ammeter, 
and the rheostat in series with the coil through the commutator, 


<< 
‘€ 
iy 
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Turn the coil, so that its plane is perpendicular to the 
magnetic meridian, ascertained by using a compass needle. Do 
not keep the ammeter or the rheostat near the coil. Place the 
vibration magnetorneter on the platform. Adjust it suitably, so 
that the centre of the vibrating needle lies on the axis of the coil, 
at a distance of, say, 5 cms. from the centre of the coil. 
See that there is no torsion in the suspension fibre and the 
magnetic needle points true north and south. Make a mark on 
the side of the beaker to indicate the equilibrium position, 


Slowly bring another magnet near it, set the needle in vibration 
through. a small arc and take it off. Omit the first few oscilla- 
tions. Start the stop-watch when the needle passes through the 
equilibrium position and note the time for about. 20 oscillations. 
Take two or three readings. Find the mean time and calculate 
the period of oscillation. Letit be T,. Itis the period of oscilla- 
tion in the earth’s field alone. 

Close the circuit. Adjust the rheostat so that the current 
passing through the circuit is 1 ampere as indicated by the 
ammeter. Set the needle of the magnetometer in vibration as 
before. Find the time for 20 oscillations. Take two: or three 
readings and from the mean time, calculate the period T,. IfT, 
is Jess than T,, it means that the magnetic intensity F at the 
centre of the needle due to the current in the coil is in the same 
direction as,H. The resultant intensity will then be (F + H). 
If T, is greater than T,, F and H are in opposite directions The 
resultant intensity will then be (F — H) or (H— F). © 7 

Reverse the current in the coil, Wait till the needle comes 
torest. Set.it in vibration. Note the time for 20 oscillations. 


' Take two or three readings and from the mean time calculate the 


Sse Let ote. } € 

- Moye the vibration magnetometer along the axis of the coil, 
Adjust its position, so that the distance between the centre of the 
needle and the centre of the coil is 10 cms. As before, find the 
period of oscillation. Let it be T,. Reverse the current and 
pnd. the period of oscillation. . Let it be T”. 


- Determine likewise the periods T ay ts qT, etc., , when 
the € digtanee is increased to 15 cms, 20 cms, ‘tc.. ee 


é 
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Transfer the magnetometer to the other ‘side of the coil. 
Place it at the same distances from the centre of the coil. Find 
the periods of oscillation for each position. Reverse the current 
in each case and find the period of oscillation. ; 


Note the number of turns in the coil. Measure the radius 
of the coil accurately. (oun ° . 


Theory -7H T, is fess than Tos: the intensity F due to current 
in coil i is in the same direction as H. 











I | 
Hx ars ay (F + H) o ros: 
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ai where r is the radius of the coil, n, number of turns’ in it, C, the 


curgent passing through it and d, the distance between the centre 
of the coil and the centre of the needle. 
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the known values of r, n, d, H, To, Ty, the current, Ci in 
5 can pe caleulated. : 
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Pe Vo ee 








H T,? ; 
Te ae a Le Fe mr: ee 3) ’ . 
T;* ¢ 
7 Gi 2nnreC 
Now, ro 10 (r2 ie d?)3/2 
olenort. : BAT oe 
10 (r? + d2)3/2 he 2 
10 (rc? + yo ACT. 2 Ta 
SRR ace, Soe ame ys in amperes, 


From the known values of r, d, n, H, T, and T,, C can be 
calculated in amperes. 


Tabulate the results as follows :— 
I. Period of oscillation in Earth's field. 


Time for 20 oscillations 


' 





— |. Period 
ae Ty 


| 


Mean 











If. Period of oscillation when placed along axis of coil carrying 
current. 
(1) Period less than T, 








1 : ¢ . rs) 
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» istence: ime for 20 oscillations | 

=) from a a Period | Current calculated 
= aes Magnetometer | Magnetometer of 10 Ca 
5 | ofcoil | North of coil | South of coil | Oscil- 2anr? 
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& | of needle Tea eae i x ea ae 
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(2) Period greater than T 
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eo Time for 20 oscillations | 
= | Distance ‘oe Current calculated 
s | between 10 (r? + d2)s/s 
-& | centre of | Magnetometer Magnetometer Period IMAP tS pa: whins 
5S | coiland | North of coil | South of hou a 2amnr® 
© | centre of PGR (T,* + Te? 
2 needle x H oe) 
1.| 2 |Mean Mean , 
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Note :—When F and H are opposite in direction, the resultant 
intensity,is (F — H). When F = H, you getthe null point, At 
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oF 
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that point, the period of oscillation will be infinity. Fos points 
between the null point and the coil, the resultant intensity is 
(F — H). The formula already derived can be used. 


For points beyond the null point, the resultant intensity is 
(H — F). Now, 





] 4 eae 1 
i; oe ibe (H ees F) pes 
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So, modify the other formula accordingly. 


EXPERIMENT 78 
ELECTRO-CHEMICAL EQUIVALENT OF COPPER 


“Aim:—To determine the electro-chemical equivalent of 


copper using the copper voltameter. 


Apparatus required :—Accumulator, copper voltameter, 
tangent galvanometer, rheostat, commutator, plug-key, stop- 
clock. ° 

Description of apparatus :—The copper voltameter, in its 
simple form, consists of a glass jar, with a lid of wood or any 
other non-conducting material. Three copper plates, abeut 


10 cms. x 10 cms. each, are suspended from the lid, separated 


from each other by about 2 to 3cms. The two outer plates are 
connected together and to a terminal fixed on the top of the lid. 
_ The inner plate is connected to another terminal on the lid. 
Copper sulphate solution slightly acidified with H,SO,, sufficient 


_ to cover the pales, | is kept in the jar. v2 
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Procedure :—Connect up the accumulator, the plug key, the 
copper voltameter and the rheostat in series i the tangent 
galvanometer through the commutator. 


‘The two plates in the voltameter are connected to the positive 
- K terminal of the . battery, 

| toa’ so that they form the 

| Anode, while the single 

plate forms the Cathode. 


Keep the rheostat at a 
distance from the tangent 
galvanometer. Adjust the 
coil of the tangent 
galvonometer so as to 
be in the magnetic 
meridian. Rotate the 
magnetometer, so that the aluminium pointer reads zero, zero. 





Fig. 176 


Use the five or ten turn coil of the galvanometer. Close the 
circuit. Adjust the rheostat, so that the deflection is about 45°. 
[To get a uniform, firm deposit of copper, the current ‘density 
must not be greater than 1 ampere for 50 sq. cms. of area of plate 
immersed in the solution. With a 10 turn coil, the current will 
be about } an ampere corresponding toa deflection of 45°... If a 
5 or. 10 turn coil is not available, use the 50 turn coil... Bat for 
the same deflection, the current will be only about 5 of an 


ampere. So, to get a good deposit, the current will have to be 


passed for a longer time. ] 

Having adjusted the current, break the circuit. Remove the 
inner plate forming the cathode. Wash and dry it. Polish its 
surface with a bit of fine sand paper. | | 

Find its weight accurately, correct to three ee of decimals 

Re-insert it into the voltameter. ‘ | 
- Close the circuit and start.a stop-clock. Note the deflections 
at both ends of the pointer, when steady. At the end of every five 
miinutesy reverse the current iD the tangent galvanometer by means 


iy 
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of the commutator and note the deflections. After passimg the 
current for 30 minutes, break the circuit. Note the exact time 
for which the current was passed. Remove the inner plate, wash 
it well in a gentle stream of running water from atap. Dry it 
under a fan or by pouring on it a few drops of spirit. When dry, 
find its weight again accurately, correct to three placeseof decimals. 
The excess of weight represents weight of copper deposited. 
Repeat the experiment and take one more set of readings, if 
possible. Measure accurately the radius of the galvanometer. 
Note the number of turns of coil used. 


Theory :—When a current of C amperes passes through a 
copper voltameter for t seconds, the mass m of copper deposited 


is given by, 
7 : Ma ex CX t 


where e is the electro-chemical equivalent of copper. 


The current C, as indicated by the tangent galvanometer, is 
* given by, 
2 10rH 
27n 


fot 





(Oye tan 6 


@ 
where ris the radius of the coil,n the number of turns in the 
coil, H the horizontal component of the earth’s field and 9 the 


mean deflection. 
ma 


Tabulate the results as follows :— 
. 


I. Number of turns of coil used eG . 
Mean radius of the coil = 77 cms. 
Time of passage of current = OOsMmULeS,. . 
Mean deflection in the at Salva inh 4350 
: nometer ray bane 
* Horizontal component of- the 
Earth’s field | ee a 


10 ~ "7 xX 0°38 x x tan 43:5 
2 S446 % 6 


= 0°74 amperes, 


*, Current C in amperes 


- 
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Il. Weight of copper ade! 





ee correct to 
point | three places 
of decimals 


Cc 


mn et | 


7 | 
Load on pan F Turning points Weight 
ae Left | Right 


eelt Right 








l | 
0 ae EL 10-0 Bee 


nn i ns 


Copper | 103540 | 8-0 | 12:0 | 10-0 103°540 
plate 30 7 grams 
before 
deposit. 





a 


Copper | 103990 | 10°0 | 15:0 | 12:5 





plate 10°0 
with |—-ae —|—————, + 103-998 
deposit | 104-000 80 1.°0 | 9°5 grams 
| 





! 


0°458 grams. 
“. Electro-chemical equivalent | _ eee ° 
hee S~ OTE X 1800 


. Deposit of copper 


ae = 0:000345 grams per coulomb. | 
ies (The E.C.E. of copper is actually. 0: 0003295 grams per 
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ere. ve ‘© determine the resist: ance of a coil of wire using 
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Description of apparatus:—The metre bridge (or Wheatstone’s 
bridge) consists of a base board of wood with a ‘uniform wire of 


platinoid or constantan | Kk 
Or german silver, one N epee eek, aes 
metre long stretched over TR 3 A 


it. The two ends of the 
wire are soldered to two 
thick L shaped copper strips 
Aand B. In between the 
oiher ends of these two 
strips, there is another Ge. HR 
similar copper strip C. 
The three copper strips 
are fixed on the board. A metre scale is fitted by the side of 
the wire. The three copptr strips have terminals fixed to them. 


S 
SY 
PSs 


PLL Los WE zi 
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Fig, F771 


Procedure :—Connect the resistance box R in the gap between 
the copper strips A and C. In the other gap between C and B, 
connect the coil of wire X whose resistance 1s to be determined. 


Connect the terminals of.the Lechlanche’s cell to A and B, 
* introductpg the plug key K between B and ‘the cell. Connect the 
terminals of the galvanometer 10 C and the contact-maker 
(jcckey), iMtroducing the high resistance between C and the 
galvanometer G. Unplug a resistance R of the order of the 
unknown resistance, from the resistance box. | 


Close:the circuit. _The high resistance has generally a plug in 
it, If the plug is removed, the resistance is included in the circuit. 
If it ic inserted, the resistance is cut out. Remove the plug. 
Touch one end of the wire with the contact-maker momentarily. 
Note the direction of deflection of the pointer in the galvano- 
meter. Touch the other end of the wire with the contact-makete 
Note the direction of deflection. [These must be on opposite sides 
of the zero. Otherwise, the connections are wrong.] Touch the 
wire eat intermediate points, and locate the point where, if the 
wire is touched, the. galvanometer shows zero deflection. Cut ~ 
out the high resistance and find the exact balance point D. This point » 
must be about the middle of the Wire. [Do not slide the coritact- 
maker over the wire. If you do so, its uniform cross-sectien will 
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be affected.) Carefully measure the distances of the balance 
point from the ends of the wire. Let them be I], and (100 — /,), 
since the length of the wire is 100 cms. 


Interchange the resistance box and the coil of wire and find 
the balance point again. Measure the distances /, and (100 — /, 
from the ends of the wire. 


Change-the resistance in the box and repeat the experiment. 
Take readings for three or four different values of the resistance 
in the box. See that the balance point is not far from the middle 
of the wire. , 


Remove the coil of wire, stretch it, so that there are no kinks 
in it and measure its length accurately. Make due allowance for 
the lengths of the wire under the terminals, used for connecting it. 


Find the diameter of the wire at half a dozen places using the 
screw gauge. At each place, find the diameter, in two perpendi- 
cular directions. Take the mean of the readings and calculate the 
radius. 

Theory :—The resistance in the box R, the unknown resis- 
tance X and the two aban of the wire P and Q on either side of 
the balance point form a 
Wheatstone’s net,. When = 
the galvanometer snows mii 


deflection, r 


e =p 
oun or X=RX¥- 


The wire is uniform in cre@ée- 
saree So, 





Oe 100 18 
“ is 

gfe a ee (100 = 1) hy) 

Fig. 178 ee the homie es. of 


“ L, and (100 — /,), X can be calculated. Again, if the specific 
resistance of the wire is P, its length L and mean oon ae ry 
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Tabulate the results as follows :— 































] 
Balancing lengths | Unknown | Balancing lengths | Unknown 
Known before inter- A cae after inter- Resistance 
Resis- changing | changing ~° = 
big sah ee ae iar eee _ (100° os ee cLeas eaeaes Ee 100 — *) 
ohms. | 7, (|(100 - /,) ue doors Eyl a 
| cms cms. Boe i. “CRS.. | cms. ohms. 
STU EEEEEEETEET EO Eee a 
fame | S1°0 49-0 : 1:92 49:0 51:0 1:92 
Stee 717 | 28:3 | 1-97 28:2 | 718 1:97 
| | 


.. Mean value of X = 1:95 ohms. 
[Note :—/, and /, are the lengths measured from the same 
end of the wire, say, left hand end.] 


Ii Length of wire | ==9/ Crs. 
Mean diameter of wire = 0°056 cms. 
.. Mean radius of wire == (028 cms. 
pe earekay = 371416 x (0:028)? x 195 
97 
e 
° = 49°35 X ie: ohms per cm. cube. 


EXPERIMENT 80 
POST OFFICE BOX—SPECIFIC RESISTANCE 


Aim :—To _ determine the resistance of a coil of wire using 
the Post Offict® By and to calculate its specific resistance. 


Apparatus in -—Post office box, coil of wire of un- 
known resistance, Lechlanche’s cell, sensitive pointer galvano- 


| meter, safety high resistance, screw gauge. ; 


| . Description of apparatus -—The Post office box has incor- 
_ porated | in it a compact arrangement of three groups of resistances, 

: ‘say, P, Q and R.. The two groups P and Q have in them, resis- 

a tances, 10, 100 and 1000 ohms. They are known as the ratio arms 

a The third group R has resistances ranging from 1 to 5000 ohms. In 

- this « arm, any Bepiatance from 1 to 11110 ohms can be Gpiaincd by 
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removing the appropriate plugs. Along with another resistance 
S, you can form a Wheatstone’s net, P, Q, R and S forming its 


. 














i000 100 10 






100 1000 


a 


ae 


Titaatert Rc oar ae we: 


5000 c0cO 2000 1000 500 200 200 100 


four arms. At the junctions between P and Q, P and R and at 
the ends of Q and R, terminals are fitted up. Two ‘tap keys K, 
and K, are incorporated 1 in the box for inclusion in the battery and 


galvanometer circuits. : 


o 


7 Procedure :—Connect the ends of the unknown resistance S to 
the terminals at the free ends of Q and R. Let the junctions 
between R and P, P and Q, Q and S, S and R be respectively Asa 
B, C, D. Usually, one end of one of the tap keys K, is con- — 
nected to A and one end of the other K, to B. ty 


~~ Connect the terminals of a Lechlanche’ s cell toC and A, 


+ 


through the tap key K,. Connect the terminals or the sensitive 


galvanometer through ie safety high resistance to B and Ds 
A through the tap key K,. a - 4 
it - Unplug 10 and 10 in the ratio arms P i 4a. bss oe 
Me) high resistance (safety). Press the tap key K, in the battery 
circuit and then the tap key ‘K, in the galvanom eter uit. aia 





ree pitertiog a deflection Unplug 4 ue infinity yal ss “id e ip 


é a 


e 
. ad 7 5 
te F a ed * 
er tha turn da ee : 
. ,  ( ALN SV A it it i 
| a 7 
£ 
: A i 
iy ; 


ity 
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Note::—A common deflect in plug type resistance boxes’ is 
that all the plugs may not be tightly sitting in the sockets. If , 
there is a loose contact between a plug and the socket, that 
resistance gets included in the circuit without your’ knowledge. 

So, press tightly with a clock-wise screw motion all the plug 
every time you are noting a deflection. ° : 

Unplug a resistance, higher than S, in the arm R. Press K, 
and K, and note the deflection. Unplug a small resistance and 
note the deflection. Find two resistances, differing by 1 ohm, for 
which the deflections are on opposite sides of zero position. Cut 

out the safety resistance, if necessary, while you are taking the 
final reading. | 

Next, unplug 100 are in the arm P and 10 ohms in the 
arm Q. As befere, find two resistances in the arm R, differing 
by 1 ohm, for which the defiections are on opposite sides of zero. 
These resistances will be roughly 10 times more than the resis-_ 
tances previously found. My 
Unplug : 1000 in ee Snd. 10a the em Q. Again, 

find two resistances in R, differing by 1 ohm for which the. 
defiétions are on opposite sides. These resistances will be about 
~ 100 times more than the resistances obtained, when the resistances 


* “unplugged i in P and Q were 10 and 10. 

a For this part of the experiment, unless the galvanometer is 
sensitive enough, an appreciable deflection will not be produced. F 

2 The safety high resistance may not even be necessary. From, the 

deflections on either side of zero, estimate the actual resistance 

for which the deflection will ke zero. 


= Pde , Q, R and S are the four resistances penne the Whedt- 


“ 







a. Q de k | i + : : 

oe, When P and Q are each, equal to 10 ohms, i | 

p at 100 ohms*and os a0 ohms, R sat 10 Ss: : 
Ss Aid ag 100 ae 
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So, from the value of R obtained in the third part of the 
experiment, S can be calculated. 


S= ohms 


R 
100 

Remove the coil of wire. Stretch it without kinks in it and 
measure its length L accurately. 


e 


With a screw gauge, measure the diameter of the wire, at 
about six places on it and at each place in two perpendicular 
directions. Find the mean diameter and calculate the radius r 
of the wire. 

The specific resistance P of the wire is given by the formula, 

mr? X 


P= 


where X is the resistance of the wire. 





Tabulate the results as follows :— 








Resistance unplugged 




















Sigs Ik 2h) Be int ana eee Unknown 
| inarm R resistance 
in arm | in arm | Xx 
P | Q Deflection | Deflection , 
| Left Right 
ohms | ohms ___ohms ohms ohms 
| | 
10 10 | Z 1 Between 1&. 2 
100 10 | 20 19 sae 19 & 20 
| 1000 10 194 193 6193 & 194 
baa Unknown Resistance | ' see 6 90345 Of 
Fe Length of wire 4 oS 97 cms. 
Mean diameter of wire == (056 com 
*, Mean radius of wire = 06°028 cms. 
Boo (aurcwayie" 3°1416 x ae oe eS 
| age oh aie Ge ae ohms per cm. cube. : a 


Oe pes ene 
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EXPERIMENT Si -. F 
CAREY-FOSTER BRIDGE 


Aim :—(1) To compare two nearly equal resistances using 
the Carey-Foster Bridge and (2) to find the end resistances in it. 
Apparatus required:—Carey-Foster . Bridge,, two equal 
resistances (or two resistance boxes, Q—50 ohms), two nearly 
equal resistances, a standard | ohm (or 0'5 ohm) resistance, 
Lechlanche’s cell, sensitive pointer galvanometer, contact maker, 
plug Key. | ; 

Description of apparatus :—The Carey-Foster Bridge is a modi- 
fied form of the metre bridge. The ends of a uniform wire of 





Fig. 180 ; 


constantan or german silver, | metre in length, are soldered to two 
L shaped thick copper strips A and B. In between the other ends of 
A and B, there are three similar copper strips C, D and E, there 
being four gaps I, 2, 3 and 4 in all, between the copper Strips, 

 AMl these are fitted on a base- board of wood. Terminals are 
Boviced at each end of the cepper strips. A metre scale is fitted 
_ on the board by the side of the wire. q 


= Procedure :—The two equal resistances P and Q, and the two 


a dod equal resistances R and S must be of the same order. 


ae first, connect up P and Q in the two inner gaps, 2 and 3 
i, Saat A copper plate. Connect the eadan 
Tes is pe gap 4. Connect the terminals of the 


the min ae on the copper es Ceand E, 













=: i aie ati 


ee 
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including the plug key in the circuit. Connect one terminal of 
the galvanometer to the terminal on the central strip D. Connect 
the other terminal to the contact meter J, including the high 
resistance in the circuit. 


Close the circuit. Unplug the high resistance in the galvano- 
meter circuit. Place the contact maker at the end of the wire 
nearer to the standard one ohm. Find the balance point for nil 
deflection in the galvanoineter. Cut out the high resistance and 
find the balance point again accurately. Note the reading on 


« the scale. 


Inter-change the copper plate and the standard one ohm 
resistance in gaps 1 and 4. Again, find the balance point. It 
will now be near the other end of the wire. Note the reading. 
Find the difference in length between the two readings. Let it 
be L. 


The resistance of L cms. of wire is 1 ohm. So, the resistance 


per cm. length of wire is * ohms percm. Let it be P. 


Remove the copper plate and the standard resistance from 
the gaps 1 and 4. Connect the two nearly equal resistances R 
and S in the gaps. 


Find the balance point first approximately. Cut out the 
high resistance and find it accurately. Inter-change the two 
resistances Rand S. Again find the balance point. Find the 
difference in length between the two. Let it be /. Then, the 
difference between the resistances R and S is equal to! x P. 


The difference between the two resistances must be less than 
the resistance of the whole wire. Otherwise, no talance poinst 
will be got on the wire. 


Theory :—Let the lengths of the wire, when balance is 
obtained be /, and (100—/,), /, being the length, say, on the 
left-hand side. After inter-changing, let the balancing lengths be 
/, and (100—/,), 7, being the length on the left-hand side. Then. 
before Dee hana: 


Bie a Rael? 
QS + (100—/,) P 
; | OR oa 5 ia ee 
ty P+Q Se ae 


CAREY-FOSTER BRIDGE 347 


After inter-changing, 





eee Sl? 
Q ~ R + (100—/,)P 
P aR 


eee. Rit 8 100 
Hence, KR-+/, P =S + /,-P. ; 
pik 3) = y\-./,) 2: 


The balasuce point will always be nearer to the larger among 
the two resistances R and S. = 


Tabulate the results as follows :— 


























I 
Resistance | - Balancing length | 
R S Before inter-| After inter- = 
Sas airs changing changing aaa) 
ee /, cms. /, cms. 
‘ I, | oe | 
oe | 
~ -» Resistance per cm. length of wire = ohms 
il | 
Resistance Balancing length ur 
| 
» : Before inter-| After inter- (R—S)= (/,—1,) P 
changing | changing ohms . 
ohms | ohms Ue aP 


cms., cms. 





(R—S) = ohms 
, If one of them is known, the other can be calculated. 
Note :—The standard resistance used for determining the 
resistance per cm, length of wire will depend on the resistance of 


the wire. It may be 0-1 ohm,-0°5 ohm, Lohm. Or a ae aa 
_ box may be oben | 


; ] Y whee r ys 
OMe) | 
one 
a per oF oe ‘* 
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End resistances in Carey-Foster bridge 


Procedure :—For very accurate measurements of resistances 
with the Carey-Foster bridge, the resistances at the ends of the 
wire must be determined. In the outer gaps 1 and 4, two thick 
copper plates are connected. P is made an exact multiple of Q. 
Let the ratio be n. The balancing lengths/, and (100 — /,) are 
obtained. P and Q are inter-changed and the balancing lengths 
determined. Let them be /, and (100 — /,). Let/, and /, be 
measured from the left-hand.end. Let X, and A, be the end 
_ resistances expressed in terms of the length of wire at the left and 
at the right. | 

Then, for the first balance point, 

Beeman oh eT 
QO Ket I) 
For the second balance point, 


0 2a ee 
Pe, Owe 


Art HMA, +2 (100 — /,) 
andn nr. +7, = Az. + (100 — /,) 
Solve these equations for AX, and X.,. You will get 








pin ately 
1, —I, + (n— 1) 100 
and i. = ) 


X1 must be added to lengths measured from the left hand 
end and 2, to lengths measured from the right hand end. 


eC CIO ees 


EXPERIMENT 82 
TEMPERATURE COEFFICIENT OF RESISTANCE 
_ Aim :—To determine the temperature coefficient of resistance 
of a coil of wire. 


Apparatus required :—Coil of wire whose temperature coeffi- 
cient, is to be determined, post office box, Lechlanche’s cell, 
sensitive galvanometer, high resistance, water bath. | 


a 


Description of apparatus :—The.coil of wire is wound round a 
thick sheet of mica and kept immersed in some insulating oil in a 


© 
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test-tube. Its ends are soldered to thick copper leads, with 
terminals at their ends. The test-tube is closed by a rubber 
stopper, with a hole through which a thermometer is 

inserted. : 


Procedure :—The test-tube with the resistance 
inside is immersed in a water bath. ‘The resistance, 
is connected to the post office box, so as to form 
the fourth arm of a Wheatstone’s net. Connect 
the Lechlanche’s cell and the galvanometer to 
alternate junctions. Include the high resistance in 
the galvanometer circuit. 


Unplug 10 and 10 in the ratio arms. Test, if 
the connections are all right, by noting whether you 
get deflections on opposite sides, when the resist- 
ance in third arm.is zero or infinity. 





Find the two resistances, differring by one ohm, 
to be unplugged in the arm R, so as to produce deflections on 
opposite sides. Unplug 100 and 10, and find the two resistances 
«likewise. Then unplug 1000 and 10, and find the resistances. 
From this value, calculate the resistance of the coil, correct to 
three | places of decimals. Note the temperature of the oil in the 
test tube. 


Raise the temperature of the oil to, 50°C by heating the 
water bath. Keep it constant for about 15 minutes. The oil in 
which the coil is immersed is a bad conductor of heat. So, give 
sufficient time for the oil to be raised to a uniform tempera-’ 
ture. Find the resistance of the coil, by the method indicated 
_above. 


Raise the temperature of the bath, so that the temperature of 
the oil risesto 75°. Wait for the temperature of the oil to be steady 
for about 15 minutes. Find the resistance of the coil correct to 
ty wo Eres of decimals. Raise the water-bath to its boiling point. 
When n the temperature of the oil 1 1S steady, find the resistance of 
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determine the resistance of the coil correct to two places of 
decimals. 


If R, is the resistance of the coil at temperature T,°C, R,, 
the resistance at temperature T,°C and R,, the resistance at 0°C 


R, = R, (0 + aT,) 
Re ery 
Ry fit es 
RG doe tae ec 
: Aplin nae Re 8s 


Re XT, = Ree 
Calculate a for each pair of temperatures. 
Note :—The change of resistance with temperature, is given 
by the equation, 
Ry = Re Us cele 
where a and B areconstants. But, ordinarlly, 6 can be ignored 
as it is very small. 


Tabulate the results as follows : 

















Resistance Coshiaen 
Temperature . ~ | Mean | of increase 
of oil Tempera- | Tempera- | eSistance of resis- 
ture rising | ture falling tance 


| 








Room 
temperature |. : 
Boiling 
temperature of 
For calculating the temperature coefficient, take the 
resistances at the room temperature and 75°, “it resistances at 


90°C 
“water-bath | 
50° and the boiling temperature of the water-P: 


ola & | 
Mean " 
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Graph :—Draw a graph representing temperature along the 
X axis and resistance along the X axis. You will get a straight 
line graph. From the graph, find the resistances of the coil at 
O°C and 100°C and calculate the temperature coefficient. 





EXPERIMENT 83 


MECHANICAL EQUIVALENT OF HEAT 
ELECTRICAL METHOD 


Aim :—To determine, by the electrical method, the méchani- 
cal equivalent of heat, using Joules’ calorimeter. 

Apparatus required :—Joules’ calorimeter, ammeter, (O—5 
amps.) voltmeter (0O—10 volts) two or three accumulators, rheostat, 
plug key, stop-clock, sensitive thermometer. 

Description -of apparatus:—The Joules’ 
calorimeter consists of a b.ight, polished calori- 
meter of copper or aluminuim, covered by a 
jid of ebonite or other non-conducting material. 

» Iwo terminals are fitted on it. Short thick 
copper fads are soldered to the bottom of. 
the terminals. Theends of acoil of insulated 
wire “of platinoid or constantan or manganin 
are soldered to the ends of the copper leads. 
The lid has a hole at the centre for 





introducing a thermometer reading a °C anda 


‘side hole for @ stirrer. The calorimeter js Fig. 182 
suspended inside a large calorimeter which, im turn, is kept in 
a wooden box. 


Procedure :— Connect 
the battery of two or three 
accumulators, in series 
withe the Joules calori- 
meter, ammeter, rheostat 
and the plug key. Connect 
the voltmeter in parallel 





Feces | Gragess Fig, 183 ea. * 
with the coil of the Joule’s Tena ie ee ee 
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calorimeter. The ammeter and voltmeter must have sufficient 
range and must read fractions of an ampere or volt respec- 
tively. 


Perform a preliminary experiment for adjusting the current. 
Take water in the calorimeter sufficient to immerse the coil. Have 
the maximum resistance in the fheostat. Close the circuit. Adjust 
the rheostat, so that the .current 1s about 1 to 2 amperes. Do 
not disturb the rheostat. 


Break the circuit. Remove the calorimeter and throw out 
the water. Dry it and find its weight with the stirrer, correct to a 
centigram. Take sufficient water in it so as to immerse the coil. 
Find the weight again. Replace the coil in it. 


Introduce the thermometer intothe calorimeter. Stir the water 
well and note its initial temperature. Close the circuit and start 
the stop-clock simultaneously. Keep stirring the water continu- 
ously. Note the temperature of the water every 30 seconds. 
Note down the readings of the ammeter and the voltmeter. 
When the rise of temperature is about 5°C break the 
circuit. Note the time for which the current was passed. “Stir the 
water well and note the maximum temperature reached. Allow 
the water to cool and continue noting the temperatures Every 
half minute, till the temperature falls by about 1° or 2°C, 


Draw a graph representing the time along X axis and he 
temperature along the X axis. From the graph, find the radiation 
correction, adopting Barton’s method. 


Let a potential difference of E-volts be applied toa resistance 
of Rohms. Let the current produced be C amperes. Let it pass 
through it for t seconds. Then, the quantity of heat produced 


Q,is. given by, 








Ove z : : calories 
Lae Rt 
Ti calories. 


Where J is the mechanical equivalent of heat. If the resis- 
tance is,immersed in W grams of water kept in a calorimeter of 
‘ :* 6% | i ss ‘ 


‘ 


MECHANICAL EQUIVALENT OF HEAT-ELECTRICAL METHOD 353 


water equivalent w grams and the rise of temperature is T° C, 
then, 
Q=(W+w)T calories. 
ECt 2 : 
“ oe = (W == Ww) Lr 
EG t= ‘ 
J = (Wiowt — ‘per calorie. 
Note :—In the above experiment, the current may be 
measured using a tangent galvanometer and commutator. The 
resistance of the coil may be determined with a Post office box 


Ce 


’ Rt 
and the alternative formula, j used. Current may be passed 





from the mains using suitable lamp resistances. 


Tabulate the results as follows — 
i : 
Weight of Calorimeter + stirrer = 
Weight of Calorimeter + stirrer +- water = 
| 


° | 














: 3 Ammeter | Voltmeter. Temperature | 
Time reading reading | of water — 
‘ . 
Mean value of current = amps 
Mean value of potential difference = volts 
Time of passage of current = seconds 
Final temperature reached Ss. OC 
© Radiation correction from graph a 
Final corrected temperature eh & 
«, Rise of temperature a oC 
@ 
BCt 
° 2 SS SS ee Joul c ic e 
| Soe hed Www es per caloric 
tay ; S ; . ® 
. ae le 
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EXPERIMENT 84 
POTENTIOMETER 


COMPARISON OF E.M.Fs. OF CELLS—DETERMINATION 
OF INTERNAL RESISTANCES OF CELLS 


td 
tf 
—f_ 


Aim :—(1) To compare the Electro-motive forces of cells and 
(2) to determine their internal resistances, using the Potentio- 
meter. 


Apparatus required :—Potentiometer, accumulator, Daniel’s 
cell, Lechlanche’s cell, sensitive galvanometer, high resistance, 
resistance box, plug keys, double-pole double throw key, a 
low value rheostat. : 


Description of apparatus :—The common form of the wire 
potentiometer consists of ten uniform wires of platinoid or 
german silver or constantan, each one metre in length. They 
are stretched, parallel to each other, over a glass or milk glass 





Loe 
CVE», VL,“ 


Fig. 184 








plate, fitted on a base board of wood. They are all connected 
in series so as to form a continuous conductor from end to end. 
The ends of any two adjacent wires are soldered to small thick 
pieces of copper having nil résistance. The free end P of the first 
wire and the free end Q of the last wire are soldered to copper 
pieces on which terminals are fitted. The total length of wire 
between the two terminals is exactly 1000 cms. The wires need 
not, héwever, be separate pieces. A single Wire of suitable 


lee oe ae ee. 
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INTERNAL RESISTANCE OF CELLS 


length may also be used from one end to the other with an 
effective length of 1000 cms. A metre scale S is fitted by the side 
of the first wire. er 
On a metallic jockey, sliding on the board, ten contact makers 
are fitted up, one for each of the wires. By pressing down any: 
one of them, contact is made on the corresponding’ wire. The 
sliding jockey, resting on three metallic fegs, moves over a long, 
thick strip of copper, as the jockey slides over the potentiometer. 
The copper strip is provided with terminals at either end, So, 
when any contact maker is pressed down to touch the wire, 
metallic connection gets established between the wire and the 
terminals on the copper strip. 
= The potentiometer is generally used for the accurate and 
satisfactory measurement of potential differences. . 


(A) Comparison of Electro-motive forces. 


Procedure :—Connect the terminals of the accumulator to the 
ends of the potentiometer wire, including ‘the plug-key and the 
rheostat in the circuit. : 
When thé current is on, 
the P.D. applied to the 
termifals of the potentio- 
meter is distributed over 
the length of the poten- 
tiometer wire. Since the 
wires are all of uniform ents 
-Cross- “segtion, tle poten- 
tial gradient is uniform. 

“The fall of potential is the same for equal lengths of wire. 

Connect A, one of the éommon 
terminals of the double-throw key, to 
the positive end P of the potentiometer 
wire, emt | B, ie other commor 





Fig. 185 
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Connect the terminals of the Lechlanche’s cell to one pair of 
terminals C and D in the double-throw key and the terminals of 
the Daniel’s cell, to the other pair of terminals E and F in the 
double-throw key. See that the positive terminals of the 
Lechlanche’s cell and the Daniel’s cell are respectively connected 
to the terminals C and E which are on the’same side as A in the 
double-throw key. 

Have zero resistance in the rheostat. Close the primary cir- 
cuit of the accumulator. Using the double-throw key, either the 
Lechlenche’s cell or the Daniel’s cell can be included in the 
secondary circuit. 


Unplug the high resistance. Keep the jockey at one end of 
the potentiometer. Close the secondary circuit with the Lechlan- 
che’s cell included in it. Press the contact maker on the first wire, 
near the positive end. Note the direction of deflection in the 
galvanometer. Press the contact maker at the end of the last wire. 
Note the direction of deflection. The deflections will be on 
opposite sides, if the connections are correct and the cells have 
been connected properly. Otherwise, they are faulty. 


Having checked the correctness of the connections, nove the 
jockey to the middle. Press the contact makers one by one and 
find the position of the balance point, for no deflection iti the 
galvanometer. Cut out the high resistance and find the balance 
point accurately. Measure carefully the total length of wire L, 
from the positive terminal P in the potentiometer to the balance 
point. Manipulate the double-throw key to include the Daniel’s 
cell in the secondary circuit. Find the balarce point again. 
Measure the total length of wire L, from the positive terminal P to 
the balance point. 


, _ Alter the position of the sliditig contact in the rheostat and 
include a small resistance in the primary circuit. Find the balance 
points corresponding to the Lechlanche’s and the Daniel’s cells. 
Measure the respective lengths. . 


Repeat the experiment changing the resistance in the primary 
circuit. Take five or six sets of readings. ; 

Note :—In increasing the resistance in the primary circuit, 
care fias to be taken to see that the potential difference between 


* 
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the terminals of the wire due to the accumulator is always ‘greater 
than the E.M.F. of the cell in the secondary circuit. If it 
becomes less, no balance will be obtained. 


Caliculations'—The accumulator maintains ‘a constant 


difference of potential between the ends of the potentiometer 
wite. Let this be V volts. Then, the, fall of potential per 


oni oe volts per cm. This is corfstant. Letit bev. It is 


also uniform, as the wire is uniform. 

A balance point is obtained, when the E.M.F. of the® cell in 
the secondary circuit is equal to the potential difference between 
the positive terminal in the potentiometer and the balance point 
on the wire. Let this length be L. Then, the corresponding 
potential difference is L x v. If the E.M.F. of the cell is E, 

’ | oa a on 
Let E, and E, be the E.M.F.s of the Lechlanche’s and 


Daniel’s cells and let the corresponding balancing lengths be ‘a 
ge (. respectively. Then, 


If one of these E.M.F.s is known, the other can be calculated. 
Tabulate the results as follows : _— 








Balancing length 








for 
s i Se Ratio 
‘ | L, 
Lechlanche’s Daniel's L 
cell cell : 
L, L, = 
: Mean 








. The mean ratio between the E.M.F.s. of the | _ 
Lechlanche’s and Daniel’s cell 


Note —If a standard cell (Weston cadmium or Clarke) is 
available, the absolute E.M.F, of the Lechlanche’s cell or Daniel’s 


" po r ¢ a 
< $. : 
.7 
ee) an a 
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cell can be determined, by the above method. In the absence of 


a standard cell, ‘a freshly prepared Daniel’s cell can be used 
instead. It gives a constant E.M.F. of 1:08 volts. 


(6) Internal resistance of a cell 


Procedure :—Connect the terminals of the accumulator to 
the ends of the potentiometer wire, including a rheostat and a plug 
) key in the circuit. Con- 
nect the positive terminal 
of the Lechlanche’s cell, 
whose internal resistance 
is to be determined, to 
the positive end P of the 
potentiometer wire. Con- 
nect the negative terminal 
in series with the sensitive 
Fig. 187 galvanometer, the high 

resistance and the jockey. 


K : Ru 





Connect in parallel with the terminals of the Lechlanehe’s cell, 
the resistance box and a plug key. Have zero resistance, in the 
rheostat. Close the primary circuit. Remove the plug from the 
key in the resistance box circuit, so that the parallel circuit is 
open. Find the balancing length L for no deflection in the 
galvanometer, first with the high resistance unplugged ane 
subsequently cut out. ; 


Unplug a resistance of, say, 15 ohms in the box. ee 
the plug and close the parallel circuit. Find the balancing length 
L,. .Repeat the experiment unplugging 12, 10, 7,5, and 2 ohms 
in the parallel circuit and find the corresponding balancing 
lengths. 


om, 


Get another set of lengths, after increasing the resistance in 


the primary circuit and repeating the experiment. 


Replace the Lechlanche’s “cell by the Daniel’s cell pass Top ea ; 


_the experiment. 


Calculations :—Let L be the belancing length, oe the resis- 


F 
a 
a: be 
= Ca sam nal 


tance in parallel with the Lechlanche’s or Daniel’s cell is infinity — 


¢ Pe 


© 


COMPARISON OF E.M.FS. OF CELLS-DETERMINATION OF 359 
INTERNAL RESISTANCES OF CELLS ; 


and L,, when the resistance is R. Let the internal resistance of 
the cell be r. Now, if the E.M.F. of the cell is E, 


fee it xX: 
When a resistance R is unplugged in the parallel circuit, 
, me CR 
CR is the P.D. between the terminals of the cell. This balances 
the P.D. corresponding to the length L, of the Potentiometer wire. ° 
gle @ Se eae 
E PIS. L 


e —_— —_—- =~, 
“ Z 


(eee ee oe. SL 
C (R..+ 1) 


a See — > 





eee 4) 
oR 


* From the known values of R, L and L,, r can be calculated. 


< Tabulate the results as follows :— 
I. Lechlanche’s ceil. 
eaancine length for infinity eee 
== Cais. 






















E in parallel eircuit 
{| Resistance in | Balancing Internal resistance 
| parallel circuit length © = R x (L— Lj) 
ohms L,cms. | ae see 
, | bees 1 


. 








1 Enter ie other results obtained similarly. 


the ® 
site -:—Begin with the largest resistance in the parallel circuit 
: unplug resistances in the decreasing order. The internal 
constant. Its valtie is controlled by various 
| do not get consistent results, it may not %, 
faults in ae a: : 
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EXPERIMENT 85 
POTENTIOMETER 


COMPARISON OF RESISTANCES 


Aim :—To compare two resistances using the potentiometer. 


Apparatus required :-—Potentiometer, two accumulators, two 
rheostats, the resistances to be compared, sensitive galvanometer, 
high resistance, two plug keys, a double-pole double-throw 
key. 


Procedure :—Connect one of the accumulators in series with 
the potentiometer wire, a rheostat and a plug key. This forms 
the primary circuit. Connect 
the other accumulator in 
series with the two resis- 
tances to be compared, a 
rheostat and a plug key. 

Connect one of the 
common terminals A of the 
double-throw key to the 


Se ; 
+] commen ' positive terminal P of the 


Fig, 7 oa potentiometer. Connect the 

other terminal B through the 

sensitive galvanometer and the high resistances to the jockey of 
the potentiometer. cael 





Connect the ends of one of the resistances to be compared to 
one pair of terminals C and D of the double-throw key. Connect 
the ends ol the other resistance to the other pair of terminals E 
and F in the key. By operating the ‘double-throw key, one or the 
other of the resistances can be included in the secondary circuit 
of the potentiometer. 


Note :—When a current passes through the resistances, a ».D. 
is developed in each of them. It is this P.D. that is to be found 
with the potentiometer. So, in connecting the ends of the resis- 
tances to the terminals in the double-throw key, sufficient care has 
to be taken. The terminal A is connected to the positive terminal 
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in the potentiometer. So, the terminals C and E must be conncc- 
ted to the ends of the resistances which are at the higher poten- 
tial. If this is not done, the deflection in the galvanometer will 
always be in the same direction and a balance point will not be 
obtained. 


Keep zero resistance in the rheostats and close the primary 
circuit and the circuit containing the resistances. 


Unplug the high resistance. Include one of the resistanges R, 
in the secondary circuit of the potentiometer, Find the 
balance point approximately first. Cut out the high resistance 
and find it accurately. Measure the length L, of the balance point 
from the positive terminal P of the potentiometer. Manipulate 
the double-throw key and*include the resistance R, in the secon- 
dary circuit of the potentiometer. Find the balance point accura- 
tely. Measure its distance L, from the positive end P. 


Adjust the rheostat in the primary circuit, so that a small 
resistance gets included in the circuit. Find the balancing lengths 
ecorresponding to R, and R, as before. Alter the resistance in 
the rheogtat and repeat the experiment. Take half a dozen 
readings. 


Adjust the resistance in the other rheostat and repeat the 
experiment. Take half a dozen readings. 


- Remember that the resistance in either rheostat must be 
altered every time, only after the readings of the balance points 
have been taken*for both the resistances, under identical conditions. 


- Calculations :—The same current is passing through both the 
_ resistances. Let itbe C. Ther, the P.Ds. between the ends of 
By and R, are CR, and CR, respectively. If the corresponding’ 
balancing lengths are L, and L,, 


CR, pe 4, V 
CR, Sad Peep ea 









‘where y is the fall of potential per cm on the potentiometer wire, 
RL, : 


we at 
pat 
nl - J 
’ J 


—_—- 


~ 
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Tabulate the results as follows :— 


TT eT 








as Length 











| Seance et Ri . ls 
for Resistance R, | for Resistance R, Re Lee 
1 2, 
cms. cms. 
Mean 
R 
Mean —* = 
Ry 


If one of the resistances is known, the other can be ‘calculated 
from the above ratio. ag 


EXPERIMENT 86 
POTENTIOMETER 


MEASUREMENT OF CURRENT AND CALIBRATION 
OF AMMETER 


Aim :—(i) To measure current and determine the eduction 


factor of a tangent galvanometer and (2) to calibrate an 
ammeter. 


(A) Measurement of a current and determination of the 
reduction factor of tangent galvanometer. — 
Apparatus required :—Potentiometer, two accumulators, a 
freshly prepared Daniel’s cell, and a standard one ohm resistance, 
| a tangent galvanometer, a 
K Ru commutator, a sensitive 


a a3 
+ [GVA | galvanometer, high resis-° 


tance, two plug keys, a 
double- pole double-throw © 


key, two rheostats. 


one of the ‘accumula- 





¢ rheostat. 


Procedure :— Connect — 


tors to the two ends 
of the potentiometer wire 
through a plug key and a 





S| 
| 
| 
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Connect in series with the other accumulator, the standard 
one ohm resistance r, the tangent galvanometer through the 
commutator, a rheostat and a plug key. 


Connect one of the common terminals A of the double- 
throw key to the positive end P of the potentiometer wire. 


Connect the other common terminai B in series with the 
galvanometer, the high resistance and the jockey. 


Connect the Daniel’s cell to one pair of terminals C & Din 
the double-throw key and the ends of the standard resistance to 
the other pair of terminals E& F. By manipulating the double- 
throw key, either the Daniel’s cell or the standard resistance can 
be included in the secondary circuit of the potentiometer. 


Note :—See that the positive terminal of the Daniel’s cell and_ 
that end of the standard resistance which is at the higher potential 
are connected to the corresponding terminals C & E in the double- 
throw key. 





Include the Daniel’s cell in the secondary circuit of the 
potentiometer. Close the primary circuit. Have zero resistance 
in the rgeostat. Unplug the high resistance and find the balance 
point approximately. Cut out the high resistance and find the 
balatice point accurately. Measure carefully the balancing length. 
Let it be L cms. If the E.M.F. of the freshly prepared Daniel’s 
cell is E, the fall of potential per cm. length of the potentiometer 
wire is = volts per cm. 

_ Close thé circuit containing the standard resistance and 
tangent galvanometer. Use the 5 or 10 turn coil of the tangent 
_ galvanometer. Adjust the theostat, so that the deflection is 40°. 


By operating the doable: throw key, include the standaid 
resistance in the secondary circuit of the potentiometer. Find 
the balance point corresponding to the P.D. between the terminals 
of the standard resistance, first approximately and then accurately. 
Measure the balancing length L, carefully. Reverse the current 

_ in the tangent galvanometer did note the deflection. Every time 
5 note the readings at both ends of the pointer. Find the average 


Pe o Sas ‘ cs 
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- Adjust the rheostat, so that the deflection is 45°. Find the 
balancing length as before. Reverse the current in the tangent 
galvanometer and note the readings of the pointer. Find the 
average of the deflections. 


Adjust the rheostat again, so that the deflection is 50°. Find 
the balancing length and the average deflection as before. 


Operate the double-tkrow key and include the Daniel’s cell 
in the secondary circuit of the potentiometer. Find the balancing 


“length again. Take the mean of the two lengths. 


ae 


Next, adjust the rheostat in the primary circuit, so that a 
small resistance from it is included in the circuit. Find the 
balancing lengths corresponding to (1) the Daniel’s cell and 
(2) the standard resistance when the deflections in the tangent 
galvanometer are 40°, 45°, 50°. | 


Adjust the rheostat in the primary circuit again and take one 
more set of readings. 


Note :—The resistance included in the primary circuit must be 
such that the balance point is obtained within the potentiometer 
for the Daniel’s cell. 


Calculations :—L is the balancing length corresponding to the 
E.M.F., E. of the Daniel’s cell. L, is the length corresponding to 
the P.D. between the terminals of the standard resistance r. 
If the current in the standard resistance is C, this P.D. 1s C xr. 


Ee ee 
L [ee 

Ee Shh i 
oO ae. 


From the known values of E, r, L and L,, C can be calculated. — 


Now, 
C = K tan @ 


where K is the reduction factor of the tangent galvanometer and 
9, the average deflection. 


BX Ly 
MND She ; 
xg 

c ee eS 
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Tabulate the results as follows :— 


E. M. F. of Daniel’s cell = _ E volts. 
Standard Resistance == if ohms. 





Balanc- | Balanc- 




















| 
| ing _ Deflection in Tangent . 
length | length | galvanometer , | A q 
with with = es ae ae ~ 
Daniel’slstandard| 2& ° is . @ |x 
cell j Resis- B a Sere eee ee E 4 
| tance Direct Reversed | a tha | x|x 
| [L] 
ee | 
cms. cms. | amps. 0, | 0. | O03 | O04 | | ee 

Mean 





.. Mean value of the Reduction factor R = 
* (B) Calibration of ammeter 


Apparatus required :—Potentiometer, two accumulators, a 
freshly prepared Daniel’s cell, a standard one ohm resistance, an 
ammeter, a sensitive galvanometer, high resistance, two plug keys 
double-jhrow key, two rheostats. 


Procedure :—The circuit is the same as for the previous 
expesiment, except that 
the tangent galvanometer 
and commutator are 
replaced by the ammeter 
to be calibrated. 


Note :—The maxi- 
mum P.D. that can be 
_ balanced on the potentio- 

meter wire with one 
-accumulator in the pri- 
mary circuit is less than | Fig. 190 
2 volts. So, the current : | 
range in the ammeter that can be calibrated depends on the 
standard resistance. If it is 1 ohm, the range is about 2 amperes. 
Of it is half an ohm, it is about 4 amperes. Care must also be 
taken, to see that the maximum current passed through the 
_ standard resistance is well below the safe range.. 








es 
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First, close the primary circuit and find the balancing length 
L corresponding to the Daniel’s cell, accurately. 


Then, close the circuit containing the standard resistance and 
ammeter. Aajust the rheostat so that the ammeter reads, say, 
Q:'2 ampere. With the double-throw key, include the standard 
resistance in the secondary circuit of the potentiometer. Find 
accurately the balancing tength L, corresponding to the P.D. 
between the terminals of the standard resistance. 


Adjust the rheostat, so that the ammeter reads 0°4, 0:6, 08, 1:0, 
etc., and find the balancing lengths corresponding to the P.D.s 
between the terminals of the standard resistance, when the respec- 
tive currents passing through it cover the specified range in the 
ammeter. 


Adjust the rheostat, so that the current passing through the 
circuit 1s decreased, and the ammeter readings are the same as 
before. Find the balancing lengths corresponding to each current. 


Again, find the balancing length corresponding to the 
Daniel’s cell. Take the mean of this and the previous length. 


Calculations :—If L, is the balancing length corres;onding 

to a current of C amps. passing through the standard resistance r, 

C XT. 8 

Uo 
EL Xs, 


rxL 
Where E is the E.M.F. of the Daniel’s cell and L is the balancing 
length for it. 





From the known values of E, L,, r and L, calculate ae 


Tabulate the results as follows :— 














_ E.M.F. of Daniel’s cell = E volts. 
Standard Resistance _ = £:ohms, 
° #2 ; 

Balancing length a : 
ore Difference 

- = vis between 

Amme- For standard resistance a ae ammeter 

ter For | &OX)* | reading and 

reading Daniel’s oe wee | ae OW calculated 

Baye Current | Current |. Mean | . | current 


« increasing decreasing Lin 
{ 
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(C) Reduction factor of tangent galyanometer— 
alternative method 


Apparatus required :—Potentiometer, accumufator, freshly 
prepared Daniel’s cell, tangent galvanometer, commutator, 


_ rheostat, resistance box, sensitive galvanometer, high resistance, 


plug key. ’ 

Procedure :—Connect the accumulator, the tangent galvano- 
meter (through a commutator), a rheostat, a plug key anda 
resistance box R in series 
with the potentiometer 
wire PQ, to form the {Ts 
primary circuit, as shown 
in the diagram. 


= | hw 


Q 





Connect the positive Ce 
terminal of the Daniel’s 
cell to the positive end 
of the resistance box. 4 ae 
Connegt the negative Fig. 191 
terminal of the cell, in 
Serjes with the sensitive galvanometer, a high resistance and the 
jockey, to form the secondary circuit. 





Use the 50 turn coil of the galvanometer. Rotate the coil, 
so that it is in the magnetic meridian. Keep the rheostat at a 
distance from it. Unplug a resistance of, say, 10 ohms in the 
resistance Box R. Close the primary circuit. Adjust the rheostat, 
so that the deflection in the tangent galvanometer is about 45°, 


Find the balance point C, with the jockey, first approxi- 
mately. Cut out the high resistance and find it accurately. 
Measure the balancing length /, from the positive end P of the 
potentiometer wire. 


* Then, connect the positive terntinal of the Daniel’s cell to the 
negative end of the resistance box Le., the positive end of the 
potenfiometer wire. Find the balance point C,, as before, first. 
approximately and then accurately. Measure the bdlancing 
length /, from the positive end P of the wire. ° 
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Note the deflection at both ends of the pointer of the tangent 


galvanometer. Reverse the current and note the deflections. 
Find the mean of the readings. Let it be 9. 


It is obvious that the resistance of (/,—/,) cms. of the 
potentiometer wire is equal to 10 ohms, 
Resistancesof lcm. of the\ __—=‘10 
wire c Sf (l4—l,) 
== ft Onimis, 
The E.M.F. of the Daniel’s cell, 1:08 volts, is balanced by 
/, cms. of the potentiometer wire. 


Fall of potential per cm. es 1:08 


ohms. 


fs volts. 
length of wire : s 


Current C in the potentiometer wire 





1:08 
le 108 
ee aber ee 
If the mean deflection in the tangent galvanometer is 9, 

C = K tan 0. 
tee = K tan 6 ie 
Poa 
K = 1:08 


rx 7, X tan @ 

From the known values of r, /, and tan 9, the reduction 
factor K is calculated. 

Change the resistance in the resistance box and repeat the 
experiment. 


Tabulate the results as follows :— 





agar EES 
























BaJancing : 5 Deflection in | D 
5 length s 5 Tangent Galva- | “4 
ae with - oy ha - nometer: E 
lay D x 
oe 5.2m | 3 : c x 
oO os se ver ns ; = ot Le 
Tas eee =~} Direct | Reversed : 
a’ "| Resis- | Resis- 'SS  [O> ® 
2 tance | tance |& i in 
& inside | outside | % © 
= 1 lo m% = v 
Ts aielltiaial EAE I TS ET SS 


{| 


o 


Mean value of the reduction factor K 
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EXPERIMENT 87 
RAYLEIGH’S POTENTIOMETER 


Aim :—To compare the E.M.F.s of cells using Rayleigh’s 
potentiometer. 


Apparatus required :—Two resistance ‘boxes of range 1 to 
5000 ohms, accumulator, Daniel’s cell, Lechlanche’s cell, sensitive 
galvanometer, high resistance, plug key, double-pole double- 
throw key. “ 
Procedure :—The accumulator is connected in series with the 
two resistance boxes and a piug key. Unplug a total resistance 
of 10000 ohms from the two boxes. 
Let the two resistancés be P and Q. Connect the terminal in 
P which is at the,higher potential, to one of the common terminals 
A in the double-throw key. K 
Connect the othercommon —__ | ee 
terminal B in series with 
, the sensitive galvanometer, 
the hig& resistance and 
the other terminal of P. 


Connect the Daniel’s * = Roe 
cell to one pair of termi- : - USE Nae 


nals C, D, and the Lech- 4H 
Fig. 192 | e 





lanche’s cell to the other 3] 
pair of terminals E, F, in 

the double-throw key. See | 
, that the positive terminals ch 
of the Daniecl’s and the e 
- Lechlanche’s cell are con- 

nected correctly. 


~~ Close the primary circuit. With the §Daniel’s cell in the 
- secondary circuit, adjust the resistances in}P and Q, so that the 
_ galvanometer shows nil deflection. Cut out the high resistance 
from the galvarometer circuit and determine the two resistances 
accurately. The sum of the resistances in the two boxes* must 
be maintained constant at. 10000 ohms. Note the resistances 
‘Naga oh ae Ae ea a 

; 47 
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With the double-throw key, include the Lechlanche’s cell in 
the secondary circuit. Find the balancing resistance for the Lech- 
lanche’s cell, keeping the sum of the resistances the same as before. 


Repeat the experiment for different values of the total resis- 
tance, say, 8000, 9000, 11000, 12000 ohms etc. 


Calculations :—Let E be the E.M.F. of the accumulator. 
Let R,, R, be the resistances unplugged in P and Q respectively 
for nil deflection, with the Dantel’s cell. Assuming the internal 
resistance of the accumulator to be zero, 
Fall of potential in the resistance | _ E 
boxes per ohm ee Ces 
E 
Rete oe 
This is equal to the E.M.F., E, of the Daniel’s cell 
E R, 
RR; 
Let R,’ and R,’ be the corresponding resistances for the 
Lechlanche’s cell. Let its E.M.F. be E,. Then 





”, P.D. at the terminals of P = xR, 


(a 


oS 





. 6 Bios 
E. wisi eG ar R,” 
Bu BR. Ra ey Ry + RB, 
aE Ey 2 “Ee ae 
E, ER,’ R,’ 


If the E.M.F. of one of them is known, the other can be calcula- 
ted. 


Tabulate the results as follows :— 


| Resistance removed in P 
for balancing 





Sum of the ae " | 
resistances | Daniel’s cell | Lechlarfche’s| E. = R.! 
in Pand Q cell | | 2 

Re es | 


ag 
| rad 






. Mean 





Mean value of 2 ee 
=i. 


— 





s e 
Daniel’s cell in series 


‘resistance box in_ the 
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EXPERIMENT 88 
POTENTIOMETER 
CALIBRATION OF VOLTMETER 


Aim :—To calibrate (1) a low range voltmeter and a high 
range vol{meter, using the Potentiometer. s 


(A) Low range voltmeter 


Apparatus required :—Two-metre or four-metre wire 
potentiometer, two accumulators, rheostat, resistance box, feeshly 
prepared Daniel’s cell, low range voltmeter, sensitive galvanometer, 
high resistance, plug keys. 

Procedure :—-A two-metre or four-metre wire potentiometer 
is best used for this expersment. Connect the two accumulators 
in series with a resistance box, a rheostat, a plug key and the 
potentiometer wire. 

Connect the positive terminal of a freshly prepared Daniel’s 
cell to the positive end P of the potentiometer wire. Connect the 
negative terminal of the 

g K RH 


| LORE ae TREO: 





with a plug key, the sensi- 
tive valvanometer, high 
resistance and the jockey. 


If the Daniel’s cel] 1s 


fresh, its E.M.F. may be 
assumed to be equal to 


1:08 volts. . 
Have zero resistances 
in the rheostat and the re ma 





primary circuit. Close Fig. 193 


—_ ~"- 


the circuit. Close the 
secormdary circuit. ‘Unplug the high resistance. Place the contact 
maker at 108 cms. Press it. Adjust the rheostat and, if necessary, 
unplug some resistances in the resistance box also, till the galvano- 
meter shows no deflection. Cut out the high resistance, adjust 
the rheostat again till the deflection is zero, 
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_° The E.M.F. of the Daniel’s cell is gbalanced by the P.D. 
between the positive end P of the potentiometer wire and the 
balance point. This length is 108 cms. The E.M.F. is 1:08 volts. 
So, the fall of potential per cm. is 0°01 volt. 


Cut out the circuit of the Daniel’s cell. % Connect the positive 
terminal of the voltmeter to thefpositive end P of the potentio- 
meter wire. Connect the other terminal of the voltmeter to the 
jockey. Move the jockey and find accurately the balancing point 
corresponding to, say, 0°2 vdlt reading in the voltmeter. Measure 
the distance of the balance point from the positive end. The 
length multiplied by the fall of potential per cm. gives the P.D. 
corresponding to the length. The difference between the calcu- 
lated P.D. and voltmeter reading is the correction. 


Find, likewise, the balancing lengths corresponding to the 
voltmeter readings 0°4, 0°6, 0°8, 1-0, 1:2 etc., volts. Calculate the 
corrections for each of the readings. 


The above method is applicable upto a range of 2 to 4 volts. 


Tabulate the results as follows :— 


E.M.F. of Daniel’s cell = 1-0€'volts. 
Balancing length on potentiometer wire = 108 cms. 
°, Fall of potential per cm. = 0-01 volt. 
Voltmeter Corresponding © | P.D: Correction for 
reading balancing length | calculated. voltmeter 
volts cms. volts reading © 





> 


(B) High range voltmeter 


Apparatus required :—Two-metre or four-metre wire 
potentiometer, two accumulators, high range voltmeter, battery of — 
E.M.F, higher than the maximum indicated by voltmeter, large 
resistance rheostat, a low value standard resistance, a resistance 
box, sensitive galvanometer, high resistance, rheostat, double-throw 
key, plug keys. t 


Procedure :—Connect up the circuit as shown in the 
diagram, 


ro 
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B is a battery which has an E.M.F. larger than the maxiumum 
indicated by the voltmeter. X Y is a rheostat having a large 


resistance and the suitable Pp K 
current carrying capacity +] ae el | |-—42 ty, 
Connect the battery B, the | a he 
rheostat X Y anda plug x LANA WAVY 7 


‘key in series. Use the 
fixed terminals at the two 
ends of the rheostat and 
include the whole of the 
resistance in the circuit. 


Connect the voltmeter 
terminals to one of the 
fixed terminals X in the 
rheostat and the sliding 
contact Z. By altering the 
position of the sliding 





contact Z, the voltmeter i * 
readings can be adjusted for any value. 
e Cannect i in parallel with the voltmeter, the low value standard 


resistance rand a resistance box R. A resistance which is an 
exast multiple of r, say nXr, is unplugged from R. . 


The terminals of r are connected to one pair of terminals _ in. 
the double-throw key. ; 


One of the common terminals in the double-throw key is 

connected to the positive end P of the two or four—metre long 

- potentiometef wire. The other terminal is connected through the 
sensitive galvanometer and the high resistance to the jockey.: 


To the other pair of terminals of the double-throw key a 
Daniel’s cell is connected. 


7 
eo: : 
‘The primary circuit of the potentiometer consists of one or 
two .. a plug-key and rheostat. 
3 a , re : g the Daniel’s cell, standardise the potentiometer, circuit, 
fal: of potential of 0:01 volt percm. ere 
. N Mat snipu os te the double-thraw key sil include the: standard 3 
: ne secondary circuit, 


4 if Bs 

.? : . ae 

. ( 7 - .” 

: . * ; * ed fe “al 

¥ a ’ ca \ %, af » 
< he b= “ i 
pay ie 7 . 
4 . Ls i> Fi 
vu Pa “ee 
; F ~~ : Fs ae: 
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Adjust the position of Z, so that the reading of the volimeter 
is a definite fraction of the range of the voltmeter. Thus, if the 
range 1s O—100 volts, and if the calibration is to be done in 20 
steps, the first reading will be 5 volts. 


Find the balance point in the potentiometer wire, correspond- 
ing to the P.D. between the terminals of r, Calculate the P.D. If 


yoo oth «1 )r 
ans v (n + 1) must be the correct voltmeter 


it is v, 
reading. The difference between this and the actual reading will 
be the correction. 

Find the balance points corresponding to the readings of 
10, 15, 20, etc. volts in the voltmeter. Calculate the P.Ds. in each 
case and find the corrections to the readings. 3 


Tabulate the results as follows :— 


E. M. F. of Daniel’s cell = 1:08 volts 
Balancing length in potentiometer= 108 cms. 


Fall of potential per cm = .0°0L volts 


\ EES CRE NG 











Balancing| P.D. _ | P.D. between ; 
Voltmeter | length on | between | the terminals pee for 
reading | potentio- | terminals | of (r-+ R). | °° 7 ce 
volts meter of r: (n+ 1)v nee a 
I cms. Vv volts volts bese 


EXPERIMENT 89 ° 
POTENTIOMETER 


E. M. F. OF THERMO-COMPLE 


g 


Aim :—To determine the E.M.F. of a Thermo-couple, using 
the potentiometer. | 

Apparatus required :—Potentiometer, accumulator, freshly 
_ prepared Daniel’s cell, two resistance boxes, thermo-couple 
(copper-iron or copper-constantan). sensitive galvanometer,‘ high 
resistance, plug key. | | 


ao 


’ 
a 


-_ 
~~ 


Pe 
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Procedure :—The potentiometer is first calibrated for a fall of 
potential of 1 milli-volt per metre length of it and the E.M.F. of 
the thermo-couple measured. This is done in three stages. 


(1) Resistance of potentiometer wire 


Connect the accumulator, a plug key, ‘two resiStance boxes 
R,, R, and the potentiometer wire in series, to form the primary 
circuit, as snown in the diagram. . 


a K 
> &# : | 
= t-—()—he 
G 


Fig. 195 


ES) i 
Connect the positive terminal of the Daniel’s cell to the junc- 
tion ketween R, and R,. Connect its negative terminal through. 
the sensitive galvanometer and the high resistance to the jockey. 


Unpiug, say, 5 ohms from the resistance box R,. Have zero. 
resistance in R,. Close the primary circuit. Find the balance 
point C,, first approximately and then accurately, after cutting 
out the, high resistance. Measure the balancing length /, from the 
positive end P of the wire. ‘ 


Transfer the 5 ohms from box R, to R,. There will be zero 

resistance in box R,. Find “the A innce point C, as before, 

Measure the balancing length /, from the Cine end Pof 
the wire. 


: : Obviously, the resistance of (/, nd 1) cms. of wire is 5 ohms. 


5 
So, the resistance per cm. length of wire Is La ohms, Hence 


i) a 
x 1000 ohms. 





the ‘resistance r of the whole wire 1s 2 2 
oR (/, eS i) 


a 


$ +, 
x, 
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Unplug 10 ohms from R, and find the balancing length. 
Transfer it to R, and find the balancing length. Calculate the 
resistance per cm. length of wire. 


Repeat for a resistance of 15 ohms. 


Tabulate the result as follows ie 




















Balancing length with 
Resistance ——| Resistance of potentiometer 
ed ae Resistance ae Resistance | wy 1000 
ae ide | oe r= Ga ohms. 
ae | 9 cms. 





(2) Calibration of potentiometer wire 


The E.M.F. of a thermo-couple, copper-iron or copper-cons- 
tantan, is of the order of a few milli-volts, when the difference in 
temperature between the hot and cold junctions is about, 100°C. 
So, calibrate the potentiometer for a fall of potential wite of 1 
milli-volt per metre. Calculate as follows:— 


Required fall of potential per metre == | milli-vol@e 

P.D. between terminals of potentio- | __ ae 
Bata ae 5 Seas 10 milli-volts 

Resistance of the potentiometer wire = FON 


For a P.D. of 10 milli-volts, resistance in circuit is r ohms. 


* or ac? ord milli-volt, resistance is ip ohms 
The E.M.F. of Daniel’s cell is 1°08 volts. 


For E.M.F. of 1°08 volts, resistance required 


i 5 x 1:08 x 1000 = r X 108 ohms. 


Hence, if the Daniel’s cell is connected to a resistance of 
r X 108 ohms, the P.D. corresponding to r ohms will be 10 
ees. 


Connect up the primary and the secondary circuit as 


: shown i in the diagram. | at ug 
ne ‘i : sh : ie y : j : ‘f a : 
7 ve Aa Ped ; ~ ae if ‘ae 
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Unplug 108 x r ohms from resistance box .R,. If this is’a 
fraction, the fraction cannot be unplugged from the resistance 





Fig. 196 


box. So, for the fraction required, calculate the corresponding 
length of potentiometer wire and keep the contact maker at that 
point C. 


| Press the contact maker at C. Remove such a resistance 
from box R,, that the galvanometer shows no deflection, when 
the contact maker is pressed at C. Now, the P.D. between the 
terminals of R, and the small length PC of the potentiometer 

*wire is balanced by the E.M.F. of the Daniel’s cell. The fall of 
potential*per metre length of the wire is 1 milli-volt. 


k.M.F. of Thermo-couple :—Do not disturb the resistances 
in R, and Rg. 


Connect one of the terminals of the thermo-couple to the 
positive end P of the potentiometer wire. Connect the other 





TH TH G 
- ‘ | * Fig. 197 
terminal through the galvanometer and high resistance to the 
jockey. : | Maer 


48 ~~ 


a 





a 


378 TEXT BOOK OF PRACTICAL PHYSICS 


One of the junctions is kept in a water bath maintained at a 
constant temperature, either 0° C or the room temperature. 


The other junction is kept in a water bath, whose tempera- 
ture is raised. When the difference in temperature between the 
two junctions is zero, there will be no thermo-E.M.F. 


Heat one of the junctions to 45° C. Maintain the temperature 
of the hot junction constant for a few minutes. Find the balance 
point C. (If the deflectionis in one direction only, it is due 
to the faulty connection of the thermo-couple junction. Reverse 
the connections.) "Measure the balancing length PC, from the 
positive end P of the potentiometer wire. 


Raise the temperature of the hot junction to 60° C, 75° C and the 
boiling point of water. Find the balancing lengths in each case. . 


Lower the temperature and measure the balancing lengths 
corresponding to the temperatures of 75°, 60°, and 45° of the hot 
junction. 


Tabulate the results as follows :— 







© 
a 
“ww 





T.-aperature of Balancing length 


| wien . | Thetmo- 
ey 
| Temperature is oe a 

| I unctions diff 
Met Gord to esc e lifference 
junction |junction. in temp. 





rising : falling | 


Note :—For the second and third part of the experiment, a 
more sensitive galvanometer than was used for experiments 
performed hitherto is required. USea unipivot galvanometer or a 


mirror galvanometer. Otherwise it may not be possible to 


get the balance point accurately. 


40, Fest. 
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EXPERIMENT 90 
MIRROR GALVANOMETER 


RESISTANCE AND FIGURE OF MERIT 


Aim :—To determine the resistance of a mirror galvanometer 
by the half deflection method and to calculate its figare of merit 
—current and volt sensitivity. : 


Apparatus required :—Accumulator, two resistance boxes of 
range 1 to 5,000 ohms, one resistance box of range 1 to 100 hms, 
a mirror galvanometer, commutator, plug key. 


Description of apparatus :—The mirror galvanometer generally 
used is of the moving coil type. It consists of a coil of wire 
wound over a frame and suspended by a phosphor bronze wire 
between the poles,of a powerful magnet of the horse-shoe type. 
The phosphor bronze wire also serves to carry the curren’ to the 
coil. A spiral of phosphor bronze wire connected at the bottom 
of the coil serves to lead the current away from it. A soft iron 


.sphere or cylinder (depending on the shape of the coil) mounted 


inside the coil makes more magnetic lines of force ‘traverse 
the coil radially. ‘The soft iron piece does not, however, iifipede 


the rotational movement of the coil. The galvanometer is — 


aperiodic, if, due to damping, it comes to rest quickly, after a few 
oscillations. It is ballistic, if, due to little or no damping 
it makes a large number of oscillations before coming 


A-plane or concave mirror about 1 cm. in diameter is fitted 
just above the coil. A spot of light directed at the mirror is 
reflected and received ona translucent scale. When the coil jis 
deflected, the mitror =~ turns and the spot | of ght moves on 


ific: scale. 


Procedure Connect j in series, the accumulator, one of the 
resistance boxes P of range aay ,000 ohms, the resistance box Q of 


the smaller range and the plug key. 


_, Connect in Parallel with the. terminals of the 


smaller 


resistance, @, the other Tesistance box R of. es 1-~5,000 





a. 
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ohms -and the, mirror galvanometer through the commu- 
tator. 

Unplug 9,999 ohms from 
P and 1 ohm from Q. Have 
zero resistance R in_ the 
galvanometer circuit. 


Switch on _ the galvano- 
meter lamp. See if the spot 
of light falls on the mirror 
and is reflected on to the 
scale. Adjust the position of 
| the scale, so that the. spot of 
light is at the centre of the 
scales Usually, the spot of 
light is a circle with a dark 
reference line at its centre. 
Make this line coincide with 
the centre of the scale. 





Close the main circuit. | 
Note the deflection of the spot 
of light on the scale. Reverse the current in the galvanometer 
and note the deflection. ? 


Fig. 198 


Unplug resistances from the box R, so that the deflection is 
reduced to half. Note the resistance required for reducing the 
deflection to half the value both on the right and on the left. The 
relation between the deflection and the current in the galvanometer 
circuit is linear. [This is true so long as_ the resistance Q is very 
small compared with the resistance of the galvanometer.] So the 
resistance unplugged is equal to the resistance Rg of the galvano- 
meter. 

Unplug 2 ohms from the box Q and have 9,998 ohms in box P; 
so that the total resistance is the same as before. Note the 
deflections on both sides. Find also the resistances to be un- 
plugged from R to reduce the deflection to half the value on each 
side. | 


Repeat the experiment, unplugging 3, 4, 5, etc., ohms from 
the tox Q, but always keeping the total resistance unplugged 
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from the two boxes constant at 10,000 ohms. , Note the - deflec- 


tions on both sides. In each case, find the resistance R required 
to reduce the deflection to half the value. 


Proceed till the whole scale is covered. ; 


Tabulate the results as follows :— 





- 


Resistance | 
Resistance , unplugged 
unplugged Deflection in R for | 











be 
= half derecton _ Mean 
Se 


{ 
| 
| 


& | 
in Box | in Bor) Len | 8 Left Right | Left Right 


| @ 





P 
ohms ohms cms. cms. ohms ohms | ohms 
! 
. Mean ... | | 
- } 
Mean resistance Rg of the galvanometer == ohms. 


Note.—Mirror galvanometers used in laboratories vary 
widely in their sensitiveness. So, it is not possible to indicate 
definitely the resistances to be unplugged from P and Q. For 
galvanometers of low sensitiveness the ratio of Q to P may have 
to ke much greater than indicated above in order that an appreci- 
able deflection may be obtained on the scale. On the other hand 
with very sensitive galvanometers, the ratio of Q to P will have to 
be very much less than in the above experiment in order that the 
deflection may be within the scale. The appropriate ratio has to 
be decided, pased upon the sensitiveness of the galvanometer 
used: | 


Figure of merit of the galvanometer 


From the readings taken already, the current and the veljt 
_ sensitivity of the galvanometer can be calculated. 


, Let E be the steady E.M.F. of the accumulator. Then, 





Current in the main circuit | “ eee 
, ee P+o 
-. P.D. between the terminal ofQ = ~~ \ote 


rer 2. 
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This P.D. produces a current in the galvanometer. Let the 
galvanometer resistance be Rg. 


w 


EQ 
(P4+Q) x Rg 


It is assumed (1) that the resistance Q is very small compared 
with Rg and (2) that the resistance Q is not altered vein by 
its being shunted with Rg. 


Current C in the gal, anometer amps. 


The figure of merit (current sensitivity) is defined as the 
current required to produce a deflection of 1 scale division (1 cm.) 
at a distance of 1 metre from the mirror. 


So, if the deflection in the scale corresponding to a current of 


c amperes is d, the figure of merit is ee 


Similarly, the voltage sensitivity is the voltage required to 
produce a deflection of 1 scale division (1 cm.) at a distance of 
1 metre from the mirror. 


- amperes per cm. 


The P.D. between the terminals of Q is (P aa If this P.D. 


is v and the corresponding deflection is d, the voltage sens:tivity is 


V 
q volts per cm. 


The current sensitivity is given generally as micro-amperes per 
cm. and the voltage sensitivity, as micro-volts per cm. The 
distance between scale and mirror is adjusted to be 100 cms. 


Tabulate the results as follows :— | 
Resistance of galvanometer == Rg ohms, 














> 
Resistance Deflection on Voltage Voltage ts | eos 9 
unplugged scale applied to | Sensitivity) ¢ 5 Ke jal = 5 
fe esa ae er oar eee Ry ee BAe Ret eee 
. | | | | meter d o |+ a0 0 & 
; if bes 
in Box in Box); of, Right Mean| EQ __—y) micro: [BE Sig gy 
Pee sy died P+Q VOI 2a, 
ohms ohms | ~'! 3 4 | SPe@Rreme 2" | si a3) 
¢ 7S 
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EXPERIMENT 91 
MIRROR GALVANOMETER 


E.M.F. OF THERMO-COUPLE BY DIRECT 
DEFLECTION 


Aim :—To determine the E.M.F. of a thermo-couple by 
direct deflection, using a mirror galvanometer. 


Apparatus :—Mirror galvanometer, thermo-couple (copper- 
iron or copper-constantan), two resistance boxes of range ~ 
1 — 5,000 ohms, one resistance box of range 1 — 100 ohms, an 
accumulator, plug key, commutator. 


Procedure :—Connect the ends of the thermo-couple to a 
resistance box R (1 — 5,000 ohms) and to the mirror galvano- 
meter through a commutator. 


Introduce one of the junc- 
tions of the thermocouple 
in a water-bath maintained at 
constant temperature 0° C or 
room “emperature and the 
cther in a water-bath which 
can be heated. Raise the tem- 
perature of this water-bath to | 
that of the boiling point of 
water. Watch the deflection 
on the scale. Unplug resis-— 
tancgs in the dox, if necessary, 
and keep the deflection within 
the scale. At the maximum 
temperature, the deflection 
must be the maximum that 

‘could be read on the scale. 
Nate the- deflection, Reverse — 
the current in the galvano- 
meter and note the deflection... 
Noté the” ‘temperatures of the ° — —J- 

hot and the cold junctions. / sat ig, 199, a 
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Cool the hot, junction to 75°C. Maintain the temperature 
constant for a few minutes. Note the deflection. Reverse the 
current and note the deflection. 


Cool the hot junction to 60° C and 45° C. At each tempera- 
ture, maintain it constant for a few minutes. Note the deflections 
on both sides of the centre. 


Raise the hot junction to 60°, 75° and the boiling point of 
water. At each temperature, maintain it constant for a few 
minutes. Note the deflections on both sides of the centre. 


Connect the accumulator, a resistance box P of range 1—5,000 
ohms, a resistance box Q of range 1 — 100 ohms and the plug key 
in series. : 


Disconnect the wires from the ends of the thermo-couple and 
connect them to the terminals xx of the low range resistance 
box Q. Do not alter the resistance in box R. 


Unplug 10,000 ohms in box P. Close the accumulator circuit. 
Unplug such small resistances in Q, of the order of 1 to 10 ohms, 
such that the deflection produced is of the same order as with the 
thermo-couple. Keep the total resistance in P and Q censtant. 
Note the deflections corresponding to known resistances in Q. 
Reverse the current and note the deflections, in each case. 


Let E be the E.M.F. of the accumulator. 


The P.D. between the terminals of Q = volts. 


EQ 
(P + Q) 
If the deflection produced is d,, the P.D. necnte to produce 
1 cm. deflection is tore volts. 


Let he deflection produced by the thermo-couple for a particular 
temperature of the hot junction be dy. Then, 


x eas don BQapeads 
The corresponding P.D. ®+0x 4, ce 
Let the temperatures of the hot and cold junctions be T, and T, 
respectively. Then, 
The thermo-E.M.F. per degree CO ae 
difference in temperature  f{ (P4Q)xd, 7x 


Note.—R must be the sante in both experiments. 
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Tabulate the results as follows :— 
E.M.F. of accumulator = 2 volts 








Temperature henge we Resistance} parry % 
| may Sabi ce Thermo-E.M.F. 
‘ee eo Spe | per degree dif. 
of Temp. 

ee Si | Q -P so Ea Q x dy 
- |3 1g P'S ES (PFQxd, xT - 

Te ies Oct > ey | 20) © 

tee int Se es | = 








difference of temperature betwen 
the hot and cold junction 


”. Mean thermo—E.M.F. per cinen 


EXPERIMENT 92 
* MIRROR GALVANOMETER 


COMPARISON OF RESISTANCES 


Aim :—-To compare (1) low resistances and (2) high resistances 

by direct deflection, using a mirror galvanometer. 
> (A) Comparision of Low Resistances 

Apparatus required :—Mirror galvanometer, resistance box of 
range 1 to 5,000 ohms, accumulator, resistances to be compared, 
double-throw key, commutator. ; 

Procedure :—Connect up an accumulator, the resistance 
box P, the two low resist- | K 
tances R and X of the oe |—__——_____-¢3 
samee order, and the plug 
key in series, as shown in } R x 


iaaeblis ae 7 . : 
the diagram. “a 
Connect the common cb AC 8 
terminals of the double- F é 
throw key to the mirror : 
galvanometer, through a 


commutator. : sagem 
Connect the ends of ; (De ; 

one of the Jow resistances Fig. 200 . 
49 
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R-to one pair of terminals C, D in the double-throw key and 
the ends of the other resistance X to the other pair of terminals 
FE, F in the key. 


Unplug a large resistance of, say, 10,000 ohms in the resis- 
tance box P. Close the circuit. 


Apply the P.D. between the terminals of one of the low 
resistances, R to the mirror galvanometer. Note the deflec- 
tion. Reverse the current in the galvanometer and note the 
deflection. Find the mean of the two. Let it be d,. 


With the double-throw key, apply the P.D. between the 
terminals of the other resistance X to the galvanometer. Note the 
deflection. Reverse the current in the galvanometer and note the 
deflection. Find the mean of the two. Let it be d,. 


Since the same current is passing through both the resistances, 
the P.D.s between their ends are proportional to their resistances. 
The deflection in the galvanometer is proportional to the P.D. appli- 


ed to it. Hence, the ratio of the resistances aii equal to the ratio 


ee ; 
of the deflections q If one of the resistances is known, the 
2 ; 


other can be calculated. 


Alter the resistance in P. Note the mean deflections in the’ 
galvanometer corresponding to the P.D.s between the terminals of 
Rand X. Repeat the experiment and take half a dozen readings. 

Note.—The resistance unplugged from P must be such that 
a fairly large deflection is produced in the galvanometer. It 
depends on the sensitivity of the athe icc sads and the resistances 
R and X. 


Tabulate the readings as follows :— 











Deflection in galvanometer | 


TO ‘ 
X | due to P.D. in R | due to P.D. in X S&S d, 
; ohins, | ae ee 







Resistance| R 
P 


sail 


Left Right | Mean |Left oe 

















If X is not known, it can be calculated. 
Rit 
) Soe 

R X d, 





es oe, ee a 2 ohms. 
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(B) Comparison of High Resistances 


Apparatus required :—Mirror galvanometer, accumulator, 
two high resistances of the same order, a resistance box of 
range 1 to 100 ohms, plug key, commutator, double-throw key. 


Procedure :—-Connect the accumulator, the two common 
~ terminals of the double-throw key and the ‘plug key, in series with 
the mirror galvanometer 
through the commutator, 
as shown in the diagram, 
Connect the resistance 
box S in parallel with 
the galvanometer. Con- 
nect the ends of one ef 
the high resistances to 
one pair of terminals in 
the double-throw key 
and the ends of the other 
high resistance to the Fig. 201 
* other pair of terminals. 
a Ae ¢ 





Note.—The high resistances must be of such a value that, 
when any one of them is connected in series with the galvano- 
meter and the accumulator, a good deflection is produced on the 
scale. If the resistances are very high, of the order of a few 
megohms a sensitive galvanometer must be chosen. If the 
resistances are not very high, the galvanometer must be protected 
by a suitable low resistance shunt. The resistance box S 
connected in parallel with the galvanometer will serve. the 

“purpose. 


Unplug a resistance of, say, 1 ohm in the resistance box,S. 
Insert the plug key K. 


Close the circuit with resistance R included in it. Note the 
_ deffection in the galvanometer. Adjust the value of the resistance 
in box S, such that the deflection is large. If the deflection is 
 small,-increase the resistance unplugged in box §, till a large : 
deflection is obtained. If it is still small, the box S may be 
cut out, ‘ 
3 


 — 
ee 
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Note the deflection. Reverse the current in the galvano- 
meter and note the deflection. Find the mean of the two. Let 
at bed... 

Using the double-throw key, include X in the circuit and 
note the deflection in the galvanometer. Reverse the current and 
note the deflection. Find the mean of the two. Let it be dg. 


Let E be the E.M.F. of the cell. If the resistances are so 
large, that the galvanometer resistance (with shunt) is negligible, 


current. with R-1n circuit. = R 
and current with X in circuit = 3 
E 
Reith ie 
. Ratio of the currents = Jer eee 
X 
* x = d, 
eet ae 


If R, d, and d, are known, X can be calculated. 


By adjusting the value of the resistance in box S, a number of 
readings can be taken. « 


Tabulate the readings | as follows :— 


Deflection in - galvanometer 
Resistance | p X 





in box R in circuit X in circuit X | di 
S ohms!ohms| | es dg 
ohms Left | Right ite Left | Right ee 
ae 4 ~ 
«& R di 
If X is unknown, it can be calculated. 
R x d, 


d, ' 
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CAPACITIES AND E.M.F.S 


EXPERIMENT 93 
BALLISTIC GALVANOMETER 


COMPARISON OF CAPACITIES AND E.M.F.s 


Aim :—To compare (1) the capacities of two condensers and 
~(2) the E.M.F.s of two cells, using a ballistic galvanometer. 


(A) Comparison of Capacities. - 


Apparatus required :—Two condensers of different capacities, ° 
accumulator, two resistance boxes of range 1 to 5,000 ohms, 
ballistic galvanometer, charge and discharge key, double-throw 
key, plug key, commutator. 


Procedure :—Connect the accumulator in series with the two 
resistance boxes P and Q of range 1 to 5,000 ohms, through -the 
plug key K. ° 

Connect the ends of one of the boxes Q to the common 
terminals A,B of the double-throw key, through the common 
terminal X and one of the other 
terminals Y of the charge and 
discharge key. 

"Connect the ends of one of 
the condensers C, to one pair of 
terminals C, D of the double- 
throw key and the ends of the 
other condenser C, to the other 
pair of terminals E, F. 


Connect the ends of the 
galvanometer through the com- 
mutator to the common termi- 
nals A, B of the double-throw 
key through the terminal Z of 
the charge and discharge key. : Fig. 202 





Refer to the circuit diagram and check up the cantictinnd: | 
Unplug 5,000 ohms in Q and 5,000 ohms in P. Close the 


main circuit, | P 


yy 
sar 


ess 
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With the doubdle-throw key, include the condenser C, in the 
circuit of the accumulator. Establish contact between the 
terminals X and Y in the charge and discharge key. The condenser 
will be charged by the P.D. between the terminals of the resistance 
box Q. Connect X and Z. The condenser will be discharged 


through the galvanometer. Note the deflection or throw on the. 
scale. 


Reverse the commutator. Charge the condenser C, again and 
discharge it through the galvanometer. The throw will now be 
on the opposite side. Note the deflection. Let the mean deflec- 
tion be d,. 


Using the double-throw key, connect C, to the circuit of 
the accumulator. Without altering the resistances in P and Q, 
charge C, and discharge it through the galvanometer with the 
charge and discharge key. Note the throw. 


Reverse the commutator. Charge the condenser again and 
discharge it. Note the throw. Let the mean of the two throws | 
be ds. 


Alter the resistance in Q and repeat the experiment. Foz the 
same resistances in Q and P, note the throws produced by charging 
and discharging the condensers. 


If P and Q are the resistances unplugged in the boxes, the 


P.D. between the terminals of Q is Pao wheter aie adie 
E.M.F. of the accumulator. Let P.D. this be V. When it is applied 
to the conducser C,, the quantity cf electricity stored in it is VC,. 
When it is applied to the conducer Cy, the quantity of electricity 
stored is VC,. Let the respective deflections produced by 
discharging them through the galvanometer be d, and d,. The 
deflection is proportional to the quantity of electricity pasing 
through the galvanometer. Hence, 
. iY Opt tay ¢ C, _ 4, 
, TO alia oi its 8 
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CAPACITIES AND E.M.F.S 


Tabulate the results as follows :— 





| 
| 
Resis- |Resis- 











Throw due to C, | Throw due to C, 
a 











tance | tance eee omic aay 
P+Q | Q | a: 
| Left cn ye Mea Left | Right, Mean | 
ohms | ohms : | 
oF : 
Mean C, 


(B) Comparison of E.M.F.s of cells. 

_ Apparatus required,:—Two or three celis of different 
E.M.F.s, a condenser, two resistance boxes of range 1 to 5,000 
ohms, double-tHrow key, charge and discharge key, ballistic 
galvanometer, commutator, plug key. 

Procedure :—Connect the two resistance boxes P and Q, the 
_, common terminals A, B of the double-throw key and the plug 
” key K 1g series. 


Connect one of the F 

* ; j 
cells E, to one pair of 4 
terminals C, D in the i . 
double-throw key and 
the other cell E, to the 
other pair of terminals | 
E, .F. , : 

Connect the ends of 
the resistance box Q to the 
ends of _the condenser 
through the common | 
terminal X and one of 
the ,other terminals Y of’ 
the charge and discharge 
key. 

lenin the ballistic 
galvanometer through the Fie 203 °° 
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commutator to the end of the condenser through the other 
terminal Z of the charge and discharge key. 


Check up the connections with the circuit diagram. 
Unplug 5,000 ohms in Q and 5,000 ohms in P. 


With the double-throw key, include cell E, in the circuit of 
the resistances. Close the circuit. 


Connect X and Y in the charge and discharge key. The 
condenser will be charged. Discharge it through the galvono- 
meter and note the throw. Reverse the commutator. Charge the 
condenser and discharge it. Note the throw, which will now be 
on the opposite side. Let the mean of the two be d,. 


With the double-throw key, change over to the other cell E,. 
Charge the condenser and discharge it. Note the throw. Reverse 
the commutator. Charge the condenser again and discharge it. 
Note the throw. Let the mean of the two be dg. 


Then, with cell E, in circuit, the condenser is charged by P.D. 


equal to Sc With E, in the circuit, it is charged by. PAZ 


equal to ae The respective throws, when the condenser is 





charged and discharged, are proportienal to the quantities of elec- 
tricity. So, 
E, Q 
“xC 
a, EEO 
kag Qc 
P a P+Q* 


Hence, the ratio of the E.M.Fs. is equal to the ratio of the 








E, 
oF 


throws. 


Alter the ee Er in Q keeping (P+ Q) constant. Repeat the 
experiment. For the same value of Q and (P-+-Q,) find the deflec- 
tions in the galvanometer coriesponding to E, and E, in the 


circuit. Take three or four readings. 


BALLISTIC GALVANOMETER—ABSOLUTE CAPACITY 393 
OF A CONDENSER 


Tabulate the readings as follows :— 























| Throw with E, Throw with E, | 
Resistance | Resistance Ving oo) Siewert See ey Het 
P-+Q Q >i ana elie So 
ohms | ohms 8 | “Eb S E “Bb : ds 
jokes, ‘ia = 
: * Mean 
Ey > 
. Mean ahaa 


2 


en Eee 


EXPERIMENT 94 
BALLISTIC GALVANOMETER 
ABSOLUTE CAPACITY OF A CONDENSER 


Aim :—To determine the absolute any of a condenser, 
using a ballistic galvanometer. 


Apparatus required :—Ballistic galvanometer, accumulator, 
two reSistance boxes of range 1 to 5,000 ohms, one resistance 
box of range 1 to 100 ohms, condenser, charge and discharge 
key, plug key, stop-watch. | 

Procedure :—Connect the accumulator of steady E.M.F. in 
series with the two resistance boxes P and Q of range | to 5,000 
ohms and a plug key K, as in the diagram. 

‘Connect the ends of 
the resistance box Q to the 
condenser through the 
charge and discharge key, 
using the common terminal 
X in it and one of the 
’ other terminals Y. When 
X.and Y are in contact, 
the condenser will be 
charged by the P. D. 
between the ends of the 7 piety’ 
resistance box. Fig. 204 

50 








11-5000 i- 5000 
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Connect the ballistic galvanometer through the commutator 
in parallel with the condenser, using the third terminal Z in the 
key. If the condenser is charged when X and Y are in contact, 
it will be discharged through the galvanometer when X and Z are 
in contact. 


Unplug 5000 ohms in Q and 5000 ohms in P. Close the 
main circuit. 


Establish contact between X and Y in the key and charge the 
condenser. Discharge it through the galvanometer by connecting 
X and Z. Note the throw of the spot of light on the scale. 


Note :—The throw depends on (1) the P.D. between the 
terminals of Q, (2) the capacity of the condenser and (3) the 
sensitivity of the galvanometer. So, for a given condenser, with a 
given ga!vanometer, adjust the values of Q and P, a get a good 
throw. | 

Note the throw produced. Reverse the commutator. 
Charge the condenser again and discharge it. The throw will be 
in the opposite direction. Note it. 

Change the value of Q, keeping (P + Q) constunt at 
10000 ohms. Take a number of readings for the throw. In each 
case, reverse the commutator and get throws on both sides of the 
centre. 

In two or three cases, allow the coil to oscillate after the 
throw is produced and note the consecutive deflections, five or six, 
on both sides. From these, the logarithmic decrement can be 
calculated. | 

While the coil is oscillating, find the time taken for, say, 
5 oscillations. with a stop-watch and calculate the period. Take 
two or three readings and find their mean. 

Note :—In a ballistic galvanometer, there is very little 
damping. So, when the coil is deflected, it will not come to rest 
soon. It will be oscillating too and fro without appreciable change 
in amplitude. To bring it to rest, an ordinary tap-key is con- 
nected in parallel with the galvanometer. By tapping it, the coil 
of the galvanometer can be short-circuited and mee to rest 


quickly. 6 
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Steady deflection and constant of the galyanometer :—Remove 
the condenser connections. In place of Q in the main circuit 
connect a resistance box 
of range 1 to 100 ohms. 
Connect the ends of this 
. box to a resistance box 
R* of range 1 to 5,000 
ohms and the galvano- 
meter through the commu- 
tator, as in the diagram. 


Unplug 1 ohm in Q 
and 9999 ohms in P. 
Close the main circuit. | 
Adjust the value of Q, Fig. 205 
keeping (P + Q) constant 
at 10000 ohms, such that a good steady deflection is obtained 
on the scale. Note the deflection. Reverse the current in the 
galvanometer and note the deflection. 

(Jnplug resistances from R so as to reduce the deflection to 
half. The resistance unplugged is equal to the galvanometer 
resistance G. Take three or four readings. 

Calculations :— When a quantity of electricity Q coulombs is 
discharged through a ballistic galvanometer, the throw produced 
9 is given by the formula, 

K E x 
Q=— X5 x o(1 + 3] 
if the galvanometer is a moving coil instrument. K_ is the 
restoring couple per unit twist, A, the area of the coil, H, the 
intensity of the magnetic field, T, the period of the galvanometer 
and X, the logarithmic decrement. 





 ; 
An 4 constant for the galvanometer and can be deter- 


mined by passing a steady current i through it and noting the 
steady deflection 2. Then 


ed ™ | l= Au * # 
ee 
Be : 
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X «is the logarithmic decrement. It is determined by noting 
consecutive deflections on both sides. If d,, dg, .........0+ d, are 
consecutive deflections on both sides, it can be shown that, 

Log. d, — Loge d, = n 2X. 
where dan is the nth deflection and the logarithmic decrement. 


hia SS 


Log d, — Log da 
04343 x n. 


K 
AH’ T, 6, and ) being known, Q can be calculated. 


If a condenser of capacity C is charged by the application of 
a P.D. of V volts, the quantity of electricity Q stored in it is 
given by 
oS 
This can be discharged through the ballistic galvanometer. From 
the kick, Q is caiculated. If V is known, C can be calculated, 


Tabulate the readings as follows :— 
I. Charging and discharging the condenser. 
E.M.F. of accumulator = _ E volts 4 
































P.D. between Deflection on + 
Total Resistance ends of Q scale or throw 
Resistance ce BU 
P+Q0 = a Boe ear mes 
ohms ns volts Left | Right | Mean 
0 
Il. Period of oscillation = T seconds. 
Ill. Logarithmic decrement 
Deflection on scale Logarithmic decrement 
Ot Be ee ied oil: es Log d, — Log da 
Left Right "4343 x n 
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Ill. Steady deflection :— ; 





























| Resistance (Rg) 
Total Deflection on oe ee 
Resistance Resistance scale erecta 
P,+Q 
1 i ohms 
1 — Se 
- 3 |} Mean . 
ohms ohms Left | Right | o Left | Right 
Current iin galvanometer is given by,i = ee Oe where 
Rg is the galvanometer resistance. Now, 
, K 
| age AE x —, 
<< EQ, 


, AH (P, +Q,) Rex ¢. 
From the known values of E, Q,, (P, + Q,) Rg and 9, calculate 
K. 
AH 
Now, | 
: : Ses oie Bae »X 
Ya Xs. = mH X ae x.%1 + F 


® 
Substitute the known values of V, A T, 9 and dX, and 


calculate the absolute capacity C. 

Note :—An approximate damping correction can be applied 
as follows. If d, and d, are two consecutive deflections on the 
same side of the centre, the damping correction is ta i 

: 2 


This is accurate enough for most experiments. 


EXPERIMENT 95 
BALLISTIC GALVANOMETER 
COMPARISON OF MUTUAL INDUCTANCES 
Aim:—To compare the co-efficients of mutual induction of 
two coils, using a ballistic galvanometer. 


Apparatns required :—Two' pairs of mutual induction coils, 
accumulator, two resistance boxes of San 1-5000 ohms, 
ballistic galvanometer, commutator, plug key. ~ Ris 
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Procedure :—Connect one coil in each pair in series with thé 
accumulator.through a commutator, to form the main circuit. 


Connect the other coil in each pair in series with two resis. 
tance boxes P, Q of range 
1 to 5000 ohms, to form 
the secondary circuit. 


Connect the hallisde 
galvanometer between the 
junction of the two coils 
and the junction of the 
two resistance boxes in the 
secondary circuit, as shown 
in the circuit diagram. 





Close the main circuit. 

Fig. 206 Adjust the values of the 

resistances in P and Q, 

such that, when the commutator is reversed, there is no kick in 
the galvanometer. 

Let P, be the resistance unplugged in box P and Q,. in box ‘ 
©. LetS, and 5, de the resistances of the coils in the respective 
branches. Let M, and M, be the co-efficients of mutual induc- 
tion of the two pairs of coils. Then, it can be shown that, when 


there is nil deflection or balance, 


M, _. Pi +8: 
MT 0, | 
_Adjust the resistances in P and Q such that there is again nil 
deflection when the commutator is reversed. Let the resistances 
unplugged be P, and Q, respectively. Then, 
: Mi ay pe ee 


M, Q. +8; 
Combining the two, you get, 
M, P, — P, 
M, aide o=e" 
This eliminates the resistances of the coils 
Take a number of readings. 
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Tabulate the results as follows :— 


Resistance Resistance 
in box in box M, 
M, 
ohms ohms — 





© & 


~~ oro 
aw 


ga 








Mean 


Ny 
Mean value of M, = 





EXPERIMENT 96 


BALLISTIC GALVANOMETER 


* ABSOLUTE CO-EFFICIENT OF MUTUAL 
INDUCTION 


a Aim :—To determine the absolute co-efficient of mutual 
induction of a pair of coils using the ballistic galvanometer. 


Apparatus required :—Accumulator, a rheostat, ballistic 
galvanometer, resistance box of range 1 to 5000 ohms, a standard 
low resistance of about 
0°! ohm, a pair of mutual 
induction coils, a double- 
successive or sequence 
key, a four segment 
commutator, a plug key. 


Procedure :—Connect 
the accumulator in series 
- with a rheostat, one of 
the mutual induction | 
coils, the standard low 
resistance and a plug key 
in series to form the 
- primary circuit. 


Connect the other 
Coil in series with a 


» 
> a, 





400 TEXT BOOK OF PRACTICAL PHYSICS 


resistance box and the ballistic galvanometer through a commu- 
tator to form thé secondary circuit. 

Introduce the double-successive or sequence key in the two 
circuits. Incorporated in it, there are two tap keys K,, K,, 
insulated from each other but arranged 
such that a single action closes both 
keys. One of the keys is included in 
the primary circuit and the other in 
the secondary circuit, such that when 
the key is pressed, the secondary circuit 
is closed first and then, the primary. 
When it is released, the primary circuit is broken and then 
the secondary circuit. If the secondary circuit is not broken 
immediately after a quantity of elect- 
ricity is discharged through it, there 
will be considerable damping. Conse- 
quently the throw produced will be 
reduced. 





.¢ Fig, 208 


Link the two circuits, using the four 
segment commutator C. It consists 
of four metallic blocks 1, 2,3 and 4 
with two plugs for inter-connection. 
Blocks 1 and 2, 3 and 4 may be : 
connected orl and 3, 2 and 4 by changing the position of the plugs 
(figs. 210 and 211). Connect the ends of the low resistance r to 
blocks 1 and 2. Connect blocks 3 and 4 
to the secondary circuit. If the plugs 
connect | and 2, 3 and 4, the two 
circuits become independent. If the 
plugs are changed to connect 1 and 3, 
_ 2 and. 4, then the ends of resistance r- 
—«~-pet connected to the secondary circuit. 








If a metallic commutator is not 
_avaiiable, a block of ebonite or 
paraffin with four. mercury cups init and two metallic cross 
links can be used, 

Connect blocks 1 and 2, 3 and 4 of the commutator so as to 
have two,independent circuits. Keep the maximum resistance in 


: Fig. 210 


5 


s 
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the rheostat. Close the main circuit with the plug key K. Press 
the sequence key. The spot of light on 
the scale will first be deflected. When 
the spot of light on the scale comes 
back to zero and is steady, release the 
key. There will be a throw in the 
opposite direction. The throw produced 
when the key is released will be much 
greater than the throw produced when 
the key is closed. Adjust the rheostat 
in the primary circuit and the resistance 
in box R, so that the deflection is 
large. Note the throw. Note also the consecutive deflection of 
the spot of light on the scale on the same side. 


Reverse the commutator connected to the galvanometer 
Press the sequence key. Release it when the spot of light is 
steady at zero. The throw produced will be in the opposite 
direction. Note the throw and also the consecutive deflection on 
the.scaje on the same side, 


Change the plugs in the block commutator so as to connect 
l and 3,2 and 4, As a consequence, the resistance r gets included 
in the secondary cireuit. Due to the P. D. between the terminals 
of r, there will be a steady deflection in the galvanometer. Note 
it. Reverse the current and note the deflection. 


The resistance r must be such that the 7S deflection is 
almost the same as the throw. 





Fig. 211 


Let i be the steady current in the main circuit. On releasing 
| oa. ME, 
the sequence key, a te of electricity R, will pass through 


the secondary coil due to the mutual induction between the ccils, 
where M is the co-efficient of mutual induction and R , 1s the total 


resistance in the secondary circuit. 


* If the throw produced in the galvanometer by this quantity of 
electricity passing through it is @, then 


; Mi_K ty X 
mates: AM one? (145) seseeceeeesees(1) 
for a moving coil galvanometer. oe abi t,o 


31 
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' Owing to the current 7 in the primary circuit, the P. D. 
between the terminals of r is ir. Let this produce a steady deflec- 
tion $ in the galvanometer. Then, 


ir K a 
R: = AH x 0) POVitey ii (il) 
Dividing (i) by (ii), you get, 
Me ee » 
a Q (1 + 3) 
ee | 0 x. 


Instead of the correction ( . E 3) for the damping, the 


simpler correction can be applied. If 6 is the first throw, and 6, 
the consecutive deflection on the same side, the damping 


correction is nee ‘} 
0, 
Per “6 Q@\z 
 M= Sed x 3 x (ae) ‘ 

Repeat the experiment, altering the resistance in the rheostat 
and in the box R. In each case, note the throw 6 and the steady 
deflection ¢. To enable you to apply correction for damping, 
whenever you note the throw @, note also the consecutive deflect*on 
6, on the same side. 

With a stop-watch, find the period of oscillation of the coil, 


Tabulate the readings as follows :— 























Value of standard low resistance =): ohms 
Period of oscillation of galvanometer coil = _ T secs. 
Steady 
Mee deflection 
Mean 
Keft “iat Right Ar of the two ite = Qe: 
e = 
ten hee 
© 
Mean 





a .*, Mean co-efficient of mutual induction = 
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EXPERIMENT 97 
BALLISTIC GALVANOMETER 


INTERNAL RESISTANCES OF CELLS 


Aim :—To determine the internal resistance of a cell using a 
condenser and ballistic galyanometer. - 


Apparatus required :—Lechlanches» cell, Daniel’s cell, con- 
denser, ballistic galvanometer, resistance box’of range 1 to 
100 ohms, charge and discharge key, commutator, two plug keys. » 


Procedure :—Connect the Lechanche’s cell (or Daniel’s cell), 
a condenser, a plug key and the charge and discharge key 
in series. Use the common terminal 
X and one of the other terminals Y 
of the key. . 

Connect in parallel with the cell 
a resistance box R of range 1 to 100 
ohms and a plug key. 

Connect the ends of the condenser 

~ thsqugh the terminal Z of the con- 

denser key to the ballistic galvanometer 
thrgugh the commutator. 

Check up the connections with the pa(T) 
circuit diagram. : 

Close the circuit of the cell. . Fig. 212 
Charge the condenser by bringing X in 


contact with ¥. Discharge it through the galvanometer by bringing 
X in contact with Z. Note the throw. 





Reverse the commutator. Charge the condenser again and 
discharge it through the gafvanometer. Note the throw. Find 
the mean. Let it be 9. y 


Unplug 20 ohms from the resistance box R and close the 
parallel circuit. % 


Charge the condenser as before and Picliniee it through the 

.galvapometer, Note the throw. Reverse the commutator. 

Charge the condenser again and discharge it. Note the throw. 
Find the mean. Letit be 9,. 6, will be less thang. » 
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_ ‘Repeat the experiment unplugging 15, 12, 10, 7, 5 and 2 ohms 
in the resistance pox. Note the throws on the left and on the 
right in each case, when the condenser is charged and discharged. 


Find the mean throw corresponding to each resistance. 


Let E be the E.M.F. and r the internal resistance 
of the cell. Let C be the capacity of the condenser. If 9 is the 
mean throw when the condenser is charged and discharged, 


eb CG eee: 


When the cell is short-circuited with a resistance R, the 
condenser is charged only by the P.D. between the terminals of R. 
If i is the current in the circuit and 9, the mean throw when the 
eondenser is charged and discharged, 

i Rexoe e684. 
Now, E=i(R+1r)=iR+ir. 
i yc Cag 


Se —— 


: iRxC 0, 











From the known values of R, 6 and @,, calculate r. 
Tabulate the results as follows: — 






















Throw ‘ 
Resistance med a: 
Left Right | Mean 
ot Q’ 9” 0 
20 ohms 6,’ 6,” 01 
iB. 29 
gee 
10 29 
Sei esi 


2 
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EXPERIMENT 98 
BALLISTIC GALVANOMETER 
REDUCTION FACTOR OF A TANGENT GALVANOMETER 


Aim :—To measure current and determine the reduction 
_ factor of a tangent galvanometer, using a condenser -and_ ballistic 
galvanometer. ° 


Apparatus required :—Accumulator, rheostat, a standard 
resistance of 1 ohm, a standard condenser, a freshly prepared 
Daniel’s cell, ballistic galvanometer, tangent galvanometer, 
double-throw key, charge and discharge key, two commutators, 
plug key. 


Procedure :—Connect in series an accumulator, the rheostat, 
the standard one ohm resistance, a plug key and the tangent 
galvanometer through a com- 
mutator, to form the primary 
circuit. Use the 5 or 10 turns 
coil of the tangent galvano- 
mei 


IG 


Connect the ends of the 
standard condenser to the 
common terminals A, B of 
the double-throw key through 
the charge and discharge key. 


Connect the ends of the 
stancard resistance r to one 
pair of terminals C, D and 
the Daniel’s cell to the other 
pair of terminals E, F of the 

double-throw key. BG 





ae Connect the ends of Fig. 213 

the condenser to the ballistic 

galvanometer through the charge and discharge key and a 
commutator. ° 


_ Check up the connections with the circuit diagram. 
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» Have the maximum resistance in the rheostat. Close the 
primary circuit, Adjust the rheostat, so as to get a deflection of 
about 40° in the tangent galvanometer. Note the deflection. 
Reverse the current and note the deflection. 


With the double-throw Key, introduce the standard resistance 
in the circuit of the condenser. Charge the condenser with the 
P.D. between the terminals of the resistance. Discharge it 
through the galvanometer and note the throw. Note the conse- 
cutive deflection on the same side for calculating the correction 
for damping. 

Reverse the commutator. Charge the condenser again and 
discharge it through the galvanometer. The throw will now be 
in the opposite direction. Note the throw. Note also the 
consecutive deflection on the same side. Find the mean of the 
two throws. | 

Adjust the rheostat so asto produce a deflection of 45° in the 
tangent galvanometer. Reverse the current and note the deflec- 
tion. Find the mean deflection. 


Charge the condenser as before and discharge it through the 
galvanometer. Note the throw. Reverse the commutator. Ch#.ge° 
the condenser again and dicharge it. Note the throw, which will 
be in the opposite direction. Find the mean. Repeat the exveri- 
ment after adjusting the rheostat for a deflection of 50° in the 
tangent galvanometer. Whenever a throw is noted, note also the 
consecutive deflection on the same side, for calculating the 
damping correction. 

Using the double-throw key, introduee the Daniel’s cell in 
the circuit of the condenser. Charge the condenser with the 
E.M.F. or the Daniel’s cell and discharge it through the galvano- 
meter. Note the throw and the consecutive deflection on the 
same side. | . 

Reverse the commutator. Charge the condenser again and 
discharge it. Note the throw and the consecutive deflection. 
Find the mean throw. 

If @ is the mean deflection in the tangent galvanometer, the 
current in the circuit is K tan 9, where K is the reduction factor. 
Hence, the P.D. between the terminals of the standard resistance © 


BALLISTIC GALVANOMETER—REDUCTION FACTOR OF A Spi 
TANGENT GALVANOMETER 
risrK tan @. When the condenser is charged by this r.D, 
let the mean throw be d,, in the ballistic galvanometer. Let d, 
be the consecutive deflection on the same side. Let C be the 
capacity of the condenser. Then, : 
T d, 


K 
pKten 9x C an on * hs * (3). ae (i) 


When the condenser is charged by tht Daniel’s cell of E.M.F. 
E, let the mtean throw be d’ and the cons cutive déflection on the 
same side d”. Then, 
ee £ d'\t a 
rx Ss AH x om sr le (3. byt nein (i1) 
Dividing (i) by (11) and eliminating the common factors, 


d,\4 
. d, x(+ 
rK tan 6 _ ; (3: | 





—_—-— -—— 





E oa 
: #x(3) 
(as) 
+ E d d, 
cde 
mg =m, » d’- 
6 


If the Daniel’s cell is fresh, its E.M.F. will be. 1:08 volts. 
Fror& the known values of E, r, 6, d,,d,, d’, and d”, K can be 
calculated. 


Note :—Since the damping correction is constant, (3) 
2 


4 


put 

must be equal 1 to (| 
Tabulate the fiat as follows :— | 

' E.MLF. of Daniel’s cell = 1-08Volts. 


Standard resistance , r ohms 
No. of turns in tangent Sr poniciel 


! 


| 
























































Throw due to PD. [Throw due to E.MF. 
Deflection in T.G. pesistotigg | | (Daniel's: cell 
pe ese, staat | Reduc- 
Left] Right | Mean |Left| Right | Mean ; ,tion 
aadty itil —_—— Aa. * ES x 
t Right}; Mean) Tan di ds i d’| a" 
oe 1,4 | | : 





ee 
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~ = a 
a 


’. Mean Reduction Factor K = 





ooeemes 


: EXPERIMENT 99 
BALLISTIC GALVANOMETER 
DETERMINATION OF CONSTANT 


Aim :—To determine the constant or quantity sensitivity of a 
ballistic galvanometer using (1) astandard condenser, (2) Hibbert’s 
magnetic standard, and (3) a standard solenoid ; and by noting 
(4) the steady deflection. 


(A) Standard Condenser Method 


Apparatus required :—A freshly prepared Daniel’s cell or 
accumulator, standard condenser, two resistance boxes of range 
1 to 5000 ohms, ballistic galvanometer, commutator, charge? aid © 
discharge key, plug key. 


Procedure :—Connect the cell of known E.M.F. in series with 
the two resistance boxes P and Q and a plug key. ae 


Connect the ends of box Q to the standard condenser through 
the charge and discharge key. 


Connect the terminals: 
of the standard condenser 
to the ballistic galvano- 
meter through a commu- 
tator and the condenser 
key. 7 

Check up the connec- 
tions with the citcuit 
diagram. 

Unplug 5000 chms in 
each of the boxes P and 
| Q. csloe the main circuit. 





Fig, 214 
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Charge the condenser with the P.D. at the terminals’ of Q, 
using the condenser key. Discharge it through the galvanometer. 
Note the throw and the consecutive deflection on the same side. 

Reverse the commutator. Charge the condenser again and 
discharge it through the galvanometer. Note the throw and the 
consecutive deflection. Let the mean throw be 6, ane the mean 





consecutive deflection be @,. : 
Let E be the known E.M.F. of the cell. Then the P.D. 
between the terminals of Q is p ay . The quantity of electri-, 


Me Rasps = : 
city in the condenser when it is charged is Pp 6 x C, where C 


is the capacity of the condenser. If 9, is the mean throw due to 
as discharge and 6,, the mean consecutive deflection, 





ee ae 61) 3 
Wega g 80 = AH * In 0, x (54 
0 
where G is the galvanometer constant. 
EQ C 
Ge. . = XK 

S) 

6. 


From the known values of E, Q, P, C, 6, and @,, G can be 
calculated. It is the quantity sensitivity of the galvanometer. 

Alter the value of Q, keeping (P + Q) constant at 10000 
ohms, and repeat the experiment. Take three or four sets of 
readings, 
Tabulate the neadings as follows :— 

®E.M.F. of cell = E volts 

Standard condenser = C micro-farads. 














® e 
Throw on Consecutive 


Resis- 
scale deflection 


tance 





EQC se 





Ge= 
eee |. +O) x @ x ( 





= 


a8 


| | 
+ Q Q Left\Right | Mean | |S |Mean } 
e 61 5 Pe} @Q ‘ 





























Mean 7 








* Mean value of the galvanometer aa 
- constant G aoe coulombs per cm. 


= 2 
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(B) Hibbert’s Magnetic Standard 


Apparatus required :—Hibbert’s magnetic standard, resis- 
tance box of range 1 to 500 ohms, ballistic galvanometer, 
commutator. 


Description:—The Hibbert’s magnetic standard consists of a 
block of hard steel with a cylindrical groove in the middle. It is 
magietised such that the lines of force in 
the gap are all radial. A coil of insulated 
wire of a definite number of turns is wound 
over a thin brass tube, which can freely drop 
through the groove. The ends of the coil 
are connected to two terminals on a lid 
covering the top of the tube. The brass tube 
can be raised above the groove and kept in 
position by a lever. When the lever is 
pressed, it releases the tube, which drops into 
the groove. 


. When the brass tube is suddenly dropped 
Fig, 215 in the groove, the coil of wire cuts the lines 

of force and an E.M.F. is induced in it. 

A momentary current passes through it. The quantity of current 





passing through it during the drop is equal ee coulombs, 


where N is the magnetic flux through the coil, n the number of 
turns of coil and R, the resistance in the circuit. 


Procedure :—Connect the terminals of the coil in the Hibbert’s 

— : K standard in series with a 
Bem Sere resistance box, a plug key 
5 = - and the ballistic galvano- 
| meter through a commutator. 


Unplug about 50 to 100 
; ohms in the resistance box. 
BG Close the circuit. Raise the 
tube and drop it into the 
= groove. Note the turow oa 
Pag: 210 oe the scale. Adjust i oem 


Co a 
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tance in the box so as to get a suitable throw. Note the resis- 


tance R, and the throw. . 
Reverse the commutator. Raise the tube and drop it again. 


Note the throw. Find the mean of the two. Let itebe @,. 

Alter the resistance in the box to R,. Note the mean throw 
on the left and on the right. Let it be 6,, ° 

Take a number of sets of readin$s. Note. the consecutive 
deflection’ in a few cases, for calculating the damping correction. 


10®°x R 
poe ND 
10 x Gx o(1 4. “| 
= : = Nn 





Now, Rj + Ro =. i ee 
. 10°xGxo, hogs 


and R, + Rg = - AE 
10° x Gx 9,1 + >) 
= te 
where Re is the resistance of the galvanometer. 


Nn 1 1 
. - e : aot = OE commen ee 
7 °° (R, R,) *| fe a : 


Nn 


ou (5. — 3.) 
10° x (1+ 4 ee 


bd oa 
From the known values of N, n, R,, R,, 64, 6, and the damping 
correction, calculate G, the galvanometer constant. If 9, is the 
first throw and @,’, the aonsecutive deflection, the damping 


r . 
correction is oa This can be substituted in place of( +f. 3) 
A . 


in the formula. | = 
(C) “ean Inductor Method 





_. Apparatus 
3tandafd ‘solenoid, scoutat ballistic eenomeéter.. reape cates ii, 


“= two eetiiautators, plug key. 


esha: R 
«Ae t: 


3s 


T etl, | LL ee 9 
Baer ee 
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Description :—The standard solenoid inductor consists of a 
long solenoid, one metre in length and about 4 to 5 cms. in 
diameter. 1000 turns of insulated wire are wound uniformly 
Over it. At the middle, a secondary coil consisting of 100 turns is 
wound over the primary coil. Usually there are tappings for 
10, 20, 30 and 50 turns.on the secondary coil. The magnetic field 
at the middle of the primary coil, when a current is passed through 
4nni 

10 
where ij is the current in amperes and n, the number of turns in the 


_it, is uniform. The magnetic intensity is given by 





gausses‘ 


: . Anni 
primary. So, the magnetic flux in the secondary is Pagina 


ar2N, where N is the number of turns in the secondary and wr? 
its area of cross-section. 


Procedure :—Connect a battery of two or three accumulators 

in series with an ammeter, a rheostat, a plug key and the primary 
of the solenoid § 

lk Am Ry through a commutator. 

ay ‘ f tf wy When the commutatar 
is reversed, the'current 

will be reversed only 


in the primary coil of 
the solenoid. 


Connect the termi- 
nals of the secondary 
coil in series with a 
resistance box R, and 
the ballistic galvano- 
meter, through a com- 
mutator. 





Close the primary 
Fig. 217 
M circuit. Adjust the 
rheostat, so that a current of 1 to 2 amperes passes through the 
primary coil. 


Reverse the current in the primary. Adjust the resistance in 
the galvanometer circuit so as to have a suitable throw. Note 


the throw. 
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Reverse the commutator in the galvanometer circuit. Again 
reverse the current in the primary circuit. Note the throw. Find 
the mean of the two. 

Note the consecutive deflections on the same Side, for apply- 
ing the damping correction. 

Alter the resistance in the box in ¢he galvanometer circuit. 
Note the throws on both sides, when tlfe current As reversed in the 
primary ¢éoil. ° 

Change the current in the primary circuit. Repeat the 
experiment. Take three or four sets of readings. 

The change of flux in the secondary coil when the current is 
reversed in the primary is 

4nni 
o> 
eas 10 
Hence, the quantity of electricity passing through the secondary 
coil is given by 





<x mrP@N, 


8n72r2inN 
Os 10 x 108 = se R Coulombs. 


where R is the total resistance in the galvanometer circuit. 
If 9 is the throw produced in a moving coil ballistic galvano- 
meter, e 
ie a » 
S rman uae a(1 a 3). 
K se 8x2r2 in N 
wae X G=-— a 
(aH am) oe | 
10°? x Rx @(1 + 3) 
\ 





From the known values of r,i,n, N,R, @ and ), the galvano- 


= ‘ 2m | or G can be calculated. 
If the resistance of the galvanometer is Rg, the total resistafice 
oe in the galvanometer circuit is R, +Rg, where R, isthe resistance 
unplugged from the box. If Rg is known, its value can be substi- 
tuted. Otherwise it can be eliminated from two different values 
of (R, +Rg) and (R, +Re). 
ie. . 2 tC) 87 7r 21 n N 
: ete 
Bi 10°x Gx @, (14 3) 


meter constant ( 
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8x *rin N .-. - 
10° x Gx 00(1 +3) 
Subtracting and rearranging, 
be 
ie On tie NN: eB! (5:-a,] 
10° x(R,—Rj) ( =| 


UR: ee Rg) aa 


Tabulate the readings as follows :— 


No. of turns per cm in primary == il 
No. of turns in secondary = N 
Radius of secondary = rem 
Current in the primary circuit =. J/anips 
Resistance in secondary circuit = R, ohms 
Mean throw =a 
Mean consecutive deflection = §@,’' 
Resistance in secondary circuit = RR, ohme 
Mean throw = 9. 
Mean consecutive deflection = @,! 
. Damping correction (1 4. 3) ae ts) 
6,’ ——<— 
Q, \t : 
or ( sy | 


From these values, calculate the galvanometer constant G. 
(D) Steady deflection method. 


Apparatus required :— 
Accumulator, two resis- 
tance boxes of range 
1 to 5000 ohms, a 
resistance box of range 
1 to 100 ohms, ballistic 
galvanometer, plug key, 
commutator, stop-watch. — 


Procedure :—Adopt 
ing the potential divider 
method, described in ex- 
periment 90, obfain a 
steady deflection 9 in the 
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galvanometer. By the half deflection method, determiné the 
resistance Rg of the galvanometer. The steady current 


ie 


Now, i= zy X 6 


er Ce a 
AH (P+Q) Rg 
Allow thé coil to oscillate and note the period of oscillation T. 
The quantity sensitivity G or constant of the ballistic galvano-" 
meter is given by, 
K 
G = AH EA a 
Calculate G (coulombs per cm). 


E is the E.M.F. of the accumulator. (P + Q) is the total 
resistance in the main circuit. Q is the resistance, to the ends of 
which the galvanometer is connected. 


Change the value of Q keeping (P + Q) constant. Takea 
number of readings and calculate G. Find the mean value of G. 


‘ EXPERIMENT 100 
* EARTH INDUCTOR 


Aim:—To determine (1) the angle of dip, (2) the vertical 
component of the Earth’s intensity at a place and (3) the constant 
of a yeep ecgeelvanometer, using an Earth inductor. 


“Apparatus required :—Earth inductor, ballistic galvanometer, 
resistance box, tap key. 


Description of apparatus :—The Earth inductor consists of a 

coil of a large number of turns of insulated wire wound over a 
- circular wooden frame, about 30 to 40 cms. in diameter. The 
circular frame is mounted symmetrigally inside a square frame in 
such a manner, that it could be rotated quickly about a diameter, 
The square frame is mounted on a stand such that it could be 
“zotated about an axis in its own plane. Thus, the square frame 
ean be adjusted to be vertical or horizontal. When the frame is. 
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vertical, the circular coil can be rotated about a vertical diameter, 
while, when it is hori- 
zontal, the coil can be 
rotated about a horizon- 
tal diameter. 

When the coil is 
rotated about a_ vertical 
axis, it cuts the horizontal 
flux of the Earth’s magne- 
tic field. When it is 
rotated about a horizontal 
axis, it cuts the vertical 
flux of the Earth’s field. 

. anne The ends of the coil 

Fig. 219 are soldered to two slip 

| rings of brass insulated 

from each other. Two thin metallic brushes are in contact 

with them and serve to conduct the induced electric current. 
They are connected to two fixed terminals. 





Procedure :—Connect the Earth inductor in series with-s~~ 
resistance box and a ballistic galvanometer. Adjust the square 
frame to be vertical. Turn it so as to be at right angles to the 
magnetic meridian. Turn the coil so that its plane coincides with 
that of the frame. Give a quick rotation of the coil through 180°. 
Note the throw on the scale. Give the coil another quick half 
turn. The throw will now be on the opposite side. Note it. 
Note also the consecutive deflections on the same sid? as the first 
throw, in each case, for calculating the damping correction. _ 


Unplug some resistances from the box and note the throws 
again, on both sides. Repeat the experiment and take a number 
of readings. ; 

Adjust the square frame and thc coil to be horizontal. Turn ~ 
it, so that the axis of rotation of the circular coil is in the magnetic 
meridian. Rotate it through 180° and note the throw. 
Rotate it through another 180° and note the throw which will be 
on the opposite side. Take a number of readings, for different 
resistances in the box. | 
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Note :—It is possible that due to damping, the full.thtow 
may not be obtained. If so, include a tap key in the circuit. 
Keep it pressed when the coil is rotated and release it immediately. 
The damping will be reduced considerably. 


Calculations :—Let A be the area of each turn of the coil and 

n the number of turns in the coil: When it is rotated about a 

' yertical axis in the manner indicated above, it cuts an effective 
flux equal ,to 2nAH, where H is the ,horizontal component of the 
Earth’s field. 

If R is the total resistance in the circuit, i.c., the resistance of 
the galvanometer and the resistances unplugged in the box, the 
quantity of electricity produced Q, is given by 

2n AH 
oo S108 
If @ is the throw on the scale, 


Oyo ae Gxo(t+ 4] 





coulombs. 


r» 


where Gis the galvanometer constant and (1 a 3). the dam- 


ping cofrection. 

eWhen it is rotated about a horizontal axis, the quantity of 
<2 22 AV 
aR xX 168 
where V is the vertical component of the Earth’s field at the place. 
If $ is the throw on the scale, 


oe OxP (14 3) 


electricity produced is similarly given by Q, coulombs, 





- 
Dip :— : 
oy. Gang ane 
oR x 1) G x 9(1+ » | 
4 ° 
: Rx 10 Gx e{l+ x) 
A 
: a eo 
igs the dip at the place 2 
| | ae Oe M ng 
53 : 
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Thus D can be calculated. 
Vertical component of the Earth’s field. 














ve eee 
H 9 
i ig eal 
: 0 
Thus, V can be calculated 
Constant of the galvanometer :«— . 
20 AS SS: 
chat, =6 x0 (14-4) 
2nAH 
G — -—__-—— = ne eee 5 
Re ee ( 1 + >) 
Similarly, 
2nAV 9 
G+ 
RDC I0e pee Weees 
Thus G can be calculated. | 
Tabulate the readings as follows :— eT 
No. of turns of coil a 
Area of each turn = A sas enig. 
Horizontal component of the | _ H 
Earth’s field of “Oar 
| Throw due to H | Throw due to V |. Tan D = ? 
Resistance 3) 
in Box |}——— ae ( MA 
ie "6 eee 
Left Right re: ee Right Mean Nj 








| 


Mean tan 1D) 
ee © 


! 


* ° 6 1 . eo 
,. Damping correction,, ° ae (5. y 
: Ee 


where @, is the consecutive deflection on the same side, forthrow @. 


SEARCH COIL—POLE-STRENGTH OF A MAGNET ee 


« 








| RP Raat 
IT, ae 
h 
Vo bax 0 
it. os Dy ao 
10° x Rx ox (1+, >) 
22AV 
| and SSNS SY eh a 
E os x RX O(1+ 3) 


Calculate G from the known values of the other quantities. 


ee at ee ees 


EXPERIMENT 101 
SEARCH COIL—POLE-STRENGTH OF A MAGNET 


Aim :—(1) To investigate the distribution of magnetism along 
a magnet with a search coil and (2) to determine its pole-strength, 
using the Hibbert’s magnetic standard and a ballistic galvanometer. 

Apparatus required:—A bar magnet, Hibbert’s magnetic 
standard, search coil, rheostat, ballistic galvanometer, distance 
plecesssgommutator. 


- Description :—The search coil consists of a number of turns 
of insulated copper wire wound over a hollow frame (of some 
insulating material) which can slide along the magnet. The ends 
of the wire are connected to two terminals on the frame. Two 
distance pieces of wood or brass, are provided which can slide 
over the magnet. They are provided with side screws by which 
they can be fixed on the magnet at any point on it. 

Procedure :—Slip the search coil and the distance pieces over 
the magnet, one on either side of the search coil. Connect the 
search coil and the Hibbert’s ° 
magnetic standard in series 

-with the rheostat and 
the . ballistic galvanometer 
through a commutator. 


- Note the throw produced 
on the galvanometer scale 
when the coil ofthe Hibbert’s © 
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standard is dropped into the groove. Reverse the commutator and 
note the throw in the opposite direction. Let the mean throw be 
9. Then, the quantity of electricity Q, is given by, 


Oy sis 48 {1 4. -) 

\ / 

If Nis the magnetic flux in the Hibbert’s standard, n the _ 

number of turns of wire in the coil, R the total resistance in the 
circuit, the quantity of electricity produced Q is given by, 





Nn ; 
Q = Ry jos coulombs. 
> Nn Ar) 
RX 10° Gxo(1+ 4] 


(4) Distribution of magnetism along magnet 


Remove the distance piece on the magnet near the end. 
The length of the magnet / is divided into a number of equal 


steps, x. Then, the length of a step is © ems. Fix the other 


: 
distance piece at a distance of x ems from one end. Place th 
search coil at one end. Jerk it quickly towards the distance piece 
through : ems. Note the throw on the scale. Reverse the commu- 


tator. Bring the coil to its original position and again jerk it 
quickly through the distance. The throw will be in the opposite 
direction. Note the mean throw. Let it be 9,. 


Move the distance piece through fs ems and fix it there. Slip 
the other distance piece over the magnet and fix it at a distance of 


- cms from the other. Jerk the search coil from one of them to 


the other in the same direction as before. Note the throw. 
Reverse the commutator and repeat the experiment. Note the 
throw in the opposite direction. Let the mean throw be @,. _ 

Repeat the experiment, moving the distance pieces through 
= ems at a time and cover the whole length of the magnet. Let 
aes 


the mean throws be 9,, $5,.--.. $, corresponding to each step. 


SEARCH COIL—POLE-STRENGTH OF A MAGNET | 
(B) Polestrength of magnet _ , 


Remove one of the pieces. Fix the other at the centre of the 
magnet. Keep the search coil near the centre. Find the throw 
produced when the search coil is withdrawn quiekly from the 
centre to the end of the magnet. Reverse the commutator, 


Ff Repeat the experiment. Find the throw inthe opposite 
direction. Let the mean throw bed,. ° 


Repeat thesexperiment for the other pole. Let the mean, 


~ 


throw be d,. , 


If m is the pole strength of the magnet, the magnetic flux cut 
py each turn of the search coil, when it is quickly withdrawn from 
the centre to the end is 47am. If the number of turns in the 
search coil iss, the total magnetic flux cutis 4 mm *« s. The 
quantity of electricity produced is given by 


4nmxs 
Q = zx 103 coulombs. 


Where R is the total resistance in the circuit. If d, is the mean 
throWeon the scale, 


re. 
, Q=Gx 4, x(! ) >| 
» — 4nmxs ae » \ 
. ee G xd, (1 +3 
It has been shown that 
© 
. Nn 
Rx 1 = Gxax (1+ 3] 
*, Dividing one by the other, 
oo aie | Oe; ° 
: 2 va 
‘9 ae Nn d, 
4ns@ 


* Fronf the known values of N, n, d, s and 9, calculate m, the 
ce saeioadin 
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Tabulate the readings as follows :— 


!. Distribution of magnetism in magnet 





Length of magnet ==" | Oita. 
No. of steps — se a 
Length of each step aa “ems. 
Throw 
Distance from a Mean ‘throw 


end of magnet. 
Left Right 








Draw a graph representing 
the distance from the end 
of the magnet on the x axis 
and the throw. on the y axis. 
The throw will be propor- 


tional to the intensity of 
magnetisation in the region. 
A curve as shown in the— 
figure will be obtainec. 





Fig. 221 


II. Pole-Strength 


Number of turns in the coil of the Hibbert’s \ 
standard 


n 

Magnetic flux in Hibberts standard = aN 

No. of turns in search coil ; ee 
Throw with Hibbert’s standard Throw with search coil 





—_—__—_—* 





Left Right | see | Left Right d, 
go Nag: ; 
a Ae 
the strength of the other pole. 











Calculate like—wise, 





ee 


COFPEFICIENT OF SELF-INDUCTION—-ANDERSON’S METHOD 423 .- . 
EXPERIMENT i102 


COEFFICIENT OF SELF-INDUCTION— 
ANDERSON’S METHOD 


Aim :—To determine the absolute coefficient of self-induction 
of a coil by Anderson’s method. . 


Apparatus required :—Post-oftice box} two resistance boxes of 
range 1 to 500 ohms (preferably with’ fractional resistances), self- 
induction coil, a standard condenser, ballistic galvanometer, ~ 


accumulator. 


Procedure :—Form a Wheat stone’s net with the three arms 
P, Q, R, of the P.O. box, and the self-induction coil L and 
one of the resistance boxes S in the fourth arm. 


Let the junctions be A,B,C, D. Connect A and C to the 
ballistic galvanometer through 
ie other resistance box T 
and the tap key K,. 


nect B and D to the 
accumuiator through the tap- 
key K.. 

Connect the ends of the 
condenser to B and_ the 
junction between the galvano- 
meter and the resistance 
box. 1. © | 

Unplug resistances in P, 
Q, R and S. Press the battery 
key k,, and then the galvano* 
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meter key k, and adjust the values of P,Q, R and § for sil 
deflection in the galvanometer. 


_,Adjust next the resistance in the box T such that there is no 
deflection in the galvanometer, when the battery key k, is pressed 
or released, keeping k, pressed. 


Thus, both for steady currents and inductive currents, there 
is nil deflection in the galvanometer. 9 
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>», Q, R, S, T are the resistances unplugged in the respective 
aos ‘ is the capacity of the condenser in micro-farads, and 
L the coefficient of self-induction in Henrys, then 
L=C )RQ+T(R+5S)} henrys. 
Tabulate the results as follows :-— 


oop Capacity oFco of condetiser — 0°333 microfarads. 





|  ) 
| 
! 


Pp T L 


ohms 


aaa S 


Coil a : 
ohms ohms ohms ohms | Henries 





i 7a | 

i 

Peer 

See 
A 1000 100 248°6 24°86 250 0:031 





B : : ean | 4139 | 540 | 0-096 





EXPERIMENT 103 


CONDUCTIVITY OF ELECTROLYTES — 
KOHLRAUSCH’S METHOD a 


Aim :—To determine the specific resistance and the specific 
conductivity of an electrolyte by Kohlrauch’s method. 


Apparatus required :—Metre bridge, resistance box of range 
1 to 100 ohms, a small induction coil, two accumulators, a pair of 
low resistance head-phones, long glass tube, copper sulphate 
solution, rheostat, plug key. | é 


, 
‘Procedure :—When a direct current is passed through an 
electrolyte, it produces (1) a back E.M.F. and (2) a change in 
the concentration of the electrolyte. As a consequence, its 
resistance will be continuously changing. So, in place of the — 
ordinary Lechlanche’s cell or accumulator, an induction coil is’ 
used, for supplying an alternating current. In place of . the 
-galvanometer, a pair of head-phones is used for detecting the 
current. , : E 


The glass tube for keeping the electrolyte is about 2 to 3 cms. 
in diameter and is about 30 cms. long. It is mounted vertically, — 
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it is closed at the bottom by a rubber stopper through.wifich a 
thick copper-wire is passed. It carries a circular copper disc, of 
almost the same cross-section as the tubs, at its end. The copper 
disc serves as one of the electrodes. The tube is closed at the top 
also by a rubber stopper, through which a similar wire with a disc 
is passed. This disc serves as ‘the other clectrode. The upper 
wire can be moved up and down and thé distance between the 
electrodes. altered. Copper sulphate solution is poured into the 
tube with the tvs discs immersed in it. The distance between the 
discs can be measured by keeping a half-metre scale bvhind the 
tube. 


The two electrodes are connected in one of the gaps of 
the metre bridge. The.resistance box is connected in the other 





Fig, 2223 


gap. The primary of the induction coil is connected in series with 
@ 

theetwo accumulators, a rheostat and a plug key. The terminals 

of the secondary are connected to the ends of the bridge-wiré. 


The head-phones are connected to the contact maker on the 
bridge-wire and the terminal on the copper strip between the «two 
Baps. 

. en the two discs in the electrolyte at a distance of about 5 
_cms. from each other. Close the primary circuit of the inductien 


: ‘coil. « Adjust the rheostat, so that the vibrations are neither violent 


nor feeble. : 
+ oh 


ms) - £ : 
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‘Unplug some resistances in the box. Keeping the head-phones 
close to the ear, adjust the position of the contact maker on the 
Wire, so that the sound is minimum. It may not be possible to 
get complete silence, if an induction coil is used. Measure the 
distances of the balance point from the ends. Let them be /, and 
(100—/,). The balance point must be about the middle of the 
wire. Interchange the electrolyte and the resistance. box. Find 
the balance point. Measure tie distances of the balance points 
“from the ends. Let them be /, and (L00—/,). Find the mean of 
/, and (100—/,), and the mean of /, and (100—/,). Let them be 
i’ and /” respectively. Then, if X is the resistance of the electrolyte 
and R the reistance in the box, | 


x _! 
R [" 
RX 
x = ——, 
a 


Increase the distance between the electrodes to 10 cms., 
15 cms., 20 ems., etc. Repeat the experiment and determine— 


o- 


the resistance 1n each case. 


Find the cross-section of the tube as follows. Pour out” the 
solution and mount the tube below a_ burette containing water. 
Draw a definite volume (V ces.) of water into the tube from the 
burette. Measure the length (/ cms.) occupied by the water. Then 


| ’ ov 
the area of cross-section X is 7 Sd- cms. e 


~ 


"Let the resistances of the electrolyte, when the distances 
between the discs are L, cms. and L,.cms., be X, and X, ohms 
reepectively. Let the specific resistance be P. Then, 

Specific resistance Po = os Sa = =a 
(X, — Xy)X a_ 
(L. ce Ly) 


ves o 


ohms. per 
cm. cube. 

- hr aa 

and specific conductivity k= mn 
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Tabulate the results as follows :— 












































Area of cross-section of tube = a _ sq. cms. 
Concentration of solution == PMS, per CC. 
o 
© PS Balancing lengths 
B © q on Se (ae 
Beet el. S| ls, xeB pee 
Bao La. Retieice ~|ae l | .ba-fy 
os a yee gail Oi: Sa = Me | 
eee pee ce oS " 
a ee Megiece f- | 
elk | i eae 
L, xX, 
2 Xe 
E, | x ea) 
: (L3—L1) 
E | SZ (X, pals 
: e | | j | ; Ga Rea ee a 
Mean a 
*, Mean specific resistance = ohms per ‘em. cube. 
*. Mean specific conductivity = mhos per cm. cube. 
EXPERIMENT 104 
° HYSTERESIS 


MAGNETOMETER METHOD 


Aim :—To subject an iron rod to a cycle of magnetisation 
and draw the hysteresis curve for the rod. 

Apparatus required :—Long solenoid, thin iron rod, three or 
fouraccumulators, two or three rheostats, ammeter, commutator, 
compensating coil, deflection magnetometer, plug key. r 


Procedure :—Connect the accumulators in series with a 
plug key, the ammeter, three rheostats and, through a commu- 
tator, with the solenoid and the compensating coil. 


Set up the solenoid vertically on the table. In a line with its 
loWer end and due east or west*of it, place the deflection ~ 
magnetometer. Place the compensating coil along the east to* 
west Ime passing through the centre of the magnetic needle, with 
the centre of the coil on the line. Rotate the deflection magneto- 
meter, so that the aluminium pointer reads zero, zero, _—e 


® 
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Keep the rheostats well away from the magnetometer. 


Start with the maximum resistance in the rheostats. Close 
the circuit. The solenoid and the compensating coil will each 
3 < ve produce deflections 
> in the magnetometer. 

Adjust the direction 
- of . the current, am 
< them such” that these 
defleGtions are oppo- 
site. Move the com- 
pensating coil to and 
fro, .dill- there iS 
nil deflection in 
the magnetometer. In- 
crease, the current 1 
the circuit” 407 ie 
maximum safe value 
by altering the resis- 
tance in the rheostat. Whatever be the current, the magneto- 
meter must show nil deflection. a 

Introduce the iron rod into the solenoid. Its length must be 
slightly less than that of the solenoid. Keep it centrally inside the 
solenoid. 






Ri 


OA IM. 


Fig. 224 


Perform a preliminary experiment. Start with the maximum 
current. The maximum current must be such that the deflection 
in the magnetometer is about 60°. Gradually reduce it to 
ihe minimum. Remove the plug, thus reducing the current to 
zero, Reverse the commutator, thus reversing the current in the 
solenoid and coil. Insert the plug in the plug key. Gradually 
reduce the resistance and increase the current to the maximum. 
Then increase the resistance gradually and reduce the current to 
the minimum. Remove the plug. Reverse the commutator- 
Re-insert the plug and increase the current to the maximum 
value. 


Repeat this cycle three or four times—starting with the maxi- 
mum current, reducing it gradually to zero, reversing the commuta- 
tor, increasing the current to the maximum, reducing it to zero, 
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reversing the commutator and increasing the current again to the 
maximum. 

Remove the plug from the plug key. Adjust the deflection 
magnetometer, so that the aluminium pointer reads zero, zero. 
Re-insert the plug in the key and close the circuit. Note the 
deflections at both entis of the aluminium pointer. 


Reduce the current in steps of 0°2 ansps. Note the deflec- 
tions for each current. To get zero current, remove the plug. 
The magnetometer will show deflection, even if the current is 2TO. 
Note it. s 


Reverse the commutator and re-insert the plug. Note the 
deflections. Increase the current in steps of 0°2 amps, till the 
maximum current is reached. Note the deflections for each 
current. . 


Reduce the current again in steps of 0°2 amps. Remove 
the plug to get zero current. Reverse the commutator and re- 
insert the plug. Increase the current again by steps 0-2 amps. till 
the maximum current is reached. For each current, note the 
deflections at both ends of the pointer. 


“Tris absolutely essential that the change of current must be 
continuously in the same direction, when it is being increased or 
reduced. Onno account must the direction of the change of current 
be altered or the circuit broken, except when the current has to be 
reduced to zero. 


Calculations :—The lower end of the iron rod is level with 


the magnetic needle of the magnetometer. When the rod is 


magnetised, “a pole is induced at the lower end and an opposite 
pole, at the upper end. 


Let the length of the magnet be /. Let the distance of the 
lower end of roc from the centre of the magnetic needle be, d. 
Let m be the strength of the pole induced in the rod. Then, . 


Intensity at centre of magnetic needle 2 oat 
due to pole at lower end d2 


the horizontal at the centre of the 


The component of the intensity ce b= 
negdle due to pole at upper end Oe 


d 
re ae (d?472)i72 
md : 
Ww ery 
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These two are opposite. So, the resultant intensity F is given by, 


if ee md 
= Sea a eee 
d 32 
m d3 (d? + [?)3/2 


If the iron rod is due east or west of the magnetic needle, the 
deflection 9 produced is such that, 


! 


F = Hp tan 6 
“where Hz is the horizontal component of the earth’s field. 
| | 
He tan @ = md ) 4, — wernt 
Hg tan 0 


Wie = AS 





d i [See 
CC 
The intensity of magnetisation I is defined as the pole strength per 
unit area. So, if r is the radius of the rod, 
ey ene 








i eee ie ee 5 ee 
mred 5 as aya ¢ | 
l J 
If the magnetising force in the solenoid is Hs, it is given by 
4nxni 
ee 


where i is the current in the solenoid in amperes and n the 
number of turns of wire per cm. of the solenoid. e 


‘Again, the magnetic induction B is given by, 
B = Hg + Anil. 
« The permeability / is given by 
B | An | 
TR tl ee Oe NERA | 
_ Hs : Hs. 


e e 


Tabulate the results as follows :— 


Length of iron rod I cms. “ 
Radius of rod = Toms, 


! 
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*, Area of cross section co 4 eal 
Horizontal component of the seit 0:38 gauss. 
field He 
Distance from centre of magnetometer | __g. omg. 
to lower end of rod Be 
| oa | Intensity 
Current Deflection ee Magnetic 
in hes ae Tan @ f wns magneti-| Induction | 
orce 
ampefes | * Mean : sation B 
a ee 





Graph :—Plot a graph representing Hs along the X axis and 
1 or Balong the Y axis. You will get a closed curve of the form 
ABCDEFA. It encloses a certain area —— on the specimen 


= LH x Pt 


= a pee. eae 


san arenes 

* 30} [20 oo | fd | 2d | 20 
Ph | fn : 
PLES HE 
aierar aie 

eT T el 


I-H CURVE 


Fig. 225 











ae 


sf Fa 





area. The curve is known as the “hysteresis curve.” The. 
induction I always lags behind the magnetising force Hs. Hence, 
it is called hysteresis (lagging behind). ; 


a ee + rte 


= 
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EXPERIMENT 105 
CHARACTERISTICS OF A TRIODE VALVE 


Aim :—To study the characteristics of a triode valve and to 
draw a family of curves for the same. 


e 
a 


Apparatus ‘requiréd :-—An L.T. (low tension) battery of 
6 volts, a grid Sias battery of 20 volts, an H.T. (high tension) 
battery of 250 volts, triode valve (6C5 or 6F5 gr 655), mounted 
valve bdse provided with terminals, an ammeter (0 to 3 amps), 
a voltmeter (0 to 20 volts), a voltmeter (0 to 250 volts), a 
milliammeter, two large resistance rheostats, a low resistance 
rheostat, a commutator, three plug keys. 


Description :—The triode valve has three elements inside it— 
a filament with its ends connected to two of the pitis of the valve, 
a grid connected to the third pin and a plate or anode connected 
to the fourth pin. The grid surrounds the filament and the plate 
or anode is outside the grid. They are well insulated from each 


other. -— ax 


When the filament is heated, electrons are emitted. If the | 


plate or anode is kept at a positive potential, the electrons are 
attracted by it and a current of electrons flows from the filament 
to the plate or anode. This current can be controlled by applying 
a potential to the grid and altering it. “ 


The filament voltage depends on the make of the valve. For 
every valve there is a maximum filament voltage rating which 
must not be exceeded, lest the filament should be burnt 


off. 


For a 6C5 or 6FS5S or 6J5 valve, the maximum filament 


voltage is 6°3 volts. They sit in octal valve bases but have 
only six pins. Four of ‘them are required for the ex/eri- 


~ ment. 


Procedure :—Connect in series, the L.T. battery of 6 volts in 


series with a rheostat, an ammeter, a plug key and the two- 


ver 





mK 4 
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terminals on the valve base connected to, the ends. of the 
filament. 





+- ; 
6C5 Pp 
¢.'t V 
anima (* a‘ mee . 
{ oan 5 
G * ae 
aS. (Fy 


Am 





Fig. 226 | 
Connect the grid bias battery in series with a plug key and 
the ends of a rheostat. Connect one of the ends of the rheostats 
and the sliding contact through a commutator to the grid terminal 
and the negative terminal of the filament L.T. battery. Connect 
the voltmeter of range 20 volts across the terminals of the 
commutator, connected to the rheostat. 


~ Connect the H. T. battery across the ends of another rheostat 


with & plug key in the circuit. Connect the positive end of the 
rekhostat, through a milli-ammeter to the plate or anode terminal P 
of the valve base. Connect the sliding contact of the rheostat to 
the negative terminal of the L. T. battery. Connect the volt- 
meter (250 volts) across the sliding contact of the rheostat and 
the terminal connected to the positive of the H. T. battery, 

- But, in athe valves specified, 6C5, or 6F5 or 6J5, the source of 
electrons is not the filament but another element known as the 


cathode. The cathode is indirectly heated by the Heated 


filament. So, the grid bias circuit and the H.T. negative of the 
plate circuit must be connected to the cathode C_ instead of to the 


negative terminal of the L.T., as shown by the dotted lines in 


fig. 226. 


~, Check up the connections withthe circuit diagram. 


Relation between Grid voltage and Plate or Anode current 
Close the filament circuit. , Adjust the rheostat so that the 
filament current is the rated cutrent for. the valve (0°3 amps 
for 6 C 5 or 6 F5 or 635). | 

55 
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. Close the grid bias circuit. Adjust the rheostat, so that the 
voltmeter reads 20 volts. Keep the commutator in such a position 
that a negative potential is applied to the grid. 


Close the H.T. circuit. Adjust the rheostat, so that the 
voltmeter reads 150 volts. Note the reading in the milli-ammeter. 


It may be Zero, since the negative grid potential is large. 


Keeping the plate or anode voltage at 150 volts, alter the grid 
voltage to — 18, — 16, — 14, etc. till 0 isreached. Reverse the 
commuta‘or and increase the voltage to 2, 4, 6, 8, etc. till 20 volts 
are reached. For each value of the grid voltage, read the milli- 
ammeter and note the current. The plate or anode voltage must 
be adjusted every time to read 150 volts. 

Alter the plate or anode voltage to 175, 200, 225 and 250 
volts. For each of these plate potentials, alter the grid potential 
from — 20 to + 20 volts in steps of 2 volis at a time and read the 
corresponding plate or anode carrent. 


Tabulate the readings as follows :— 








Plate or Anode voltage - = [50 volts. a 
Grid voltage 3 | | | TIT ) lp s a ait aie (igi sige | 
dog | al | 

















Plate or Anode 
current 





UE 


Plate or Anode voltage = 175 volts. 











a 
Plate or Anode | . 


current ‘ | 
Have similar tabular forms for plate or anode valtages of 200, 
225, 250 volts. 














Graph :—Represent grid voltages along the X axis” and — 


the plate or anode currents along the Y axis and draw the 
a + : : 
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curve for cach of the plate vcltages. You" will get a family 








of curves as in the figure. 





CURRENT 








| mi\t £1+A48 | PS | 


PLATE 





GRID VO LTAGE 
Fig. 227 | 


“? Relation between Plate voltage and Plate current. 


e Adjust the grid potential for 12 volts. Apply the negative 
voltage to the grid. 


Increase the plate or anode voitages from 0 to 250 volts in 


steps of 20 volts. Note the plate or anode current in each case. 


Alter the grid potential to — 10, — 8, — 6, — 4, —2, 0, 
+ 2, + 4, etc. Foreach of these, increase the plate or anode 
Po flace from 0 to 250 volts in steps of 20 volts. Note the, plate 
or anode current in each case. 


Tabulate the readings as follows :— 














Grid ae 2 te Volts. r 
Plateor | | | | 
bias 0 201406080 100 120 | 140 | 160| 180) 200 | 220 | 250. 
* voltage aa : | 
“Plate or) 1 eh zr 
» Anode _ : L ag : 
— current 




















 _ Have similar tabular forms for the other sets of readings. 
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Graph :—Represent plate or anode voltage along the X axis 
and plate or anode 
current along the Y 
axis. For each grid 
voltage, you will get 
a curve. There will 
thus be a_ family of 
curves as in the figure. 
The characteristics 
of a triode valve are 
(1) amplification factor, 
(2) plate resistance or 
| impedance, (3) mutual 
| Conductance or trans- 
fy conductance. 
4 OF aan ane Amplification factor 
Fig. 228 or ff :—is the ratio 
between the change 
in anode potential (dV,) to the change in grid potential (dV,) for _ 
constant anode current. Thus, an increase in anode voltage 
increases the anode current. This can be brought back to its 
original value by making the grid potential more negative. Thus, 
if the anode voltage is increased by 1 volt and the grid voltage 
made more negative by 01 volt for the anode current to remain 


a CURRENT 





the same, the amplification factor is - or 10. It is co for 
\ +24 


constant anode current. In graph in the figure 227, it” is 
represented by ae From the graph, calculate the amplification 


factor for different ranges. 
Plate resistance or impedance :—It is the ratio between a 
change in plate voltage (dVa) and the corresponding change in 


plate current (dj) and is expressed in ohms. It 1s aS ' 


Mutual conductance :—It is the ratio between a small chan ge in | 
plate current (di) and the small change in grid voltage (dV¢) 
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producing it, other voltages remaining the same. It is the ratio 
between the amplification factor and the plate resistance or 


dv dV di 2 
(av ia ai’ | ge lav.) Calculate these characteristics from 


your observations. 


Note :—There are different types of triode valves, operated by 
battery or A.C. mains. The maximum‘voltages for the filament 
and for the angde are different. So, depending on the valve 
used, the particular yoltage supply required has to be chosen. 


When a voltage of 150 and above is used, you are likely to 
get shocks if you touch any metallic portion. Though they may 
not be dangerous, they are sufficient to cause annoyance. So, 
while manipulating the H.T. side, be careful not to touch the 
metallic portions im them. 


od 


APPENDIX I 
QUESTIONS FOR PRACTICAL EXAMINATIONS 
nek . PAPER I 


& 


1. GENERAL PHYSICS 


|. betermine the surface tension of water and of the mixtures 
of water and the given liquid, containing 20% and 40% of the 
liquid by volume, by capillary rise. Two uniform capillary tubes 
are given. Radius by microscope. (methylated spirit; Hares 
apparatus). ° 


2. Determine the co-efficient of viscosity of the given liquid 
by Poiseulles flow. Use the two capillary tubes given. Measure 
their radii by mercury thread. (Hares apparatus; aspirator ; 
sugar solution.) 


3. Verify the relation between the pressure-head and the’ 


volume of liquid flowing per second through the capillary tube. 
Measure the radius of the tube by mercury thread. Use two tubes 
of the same radii but of different lengths. Calculate the co- 
efficient of viscosity of the liquid. (ungraduated burette ; Hare’s 
apparatus, sugar solution.) 


4. Determine the radius of the capillary tube, by measuring 
the rise of water in it, assuming the surface tension of water at 
laboratory temperature to be 70 dynes per cm. Use the same tube 
and determine the coefficient of viscosity of the liquid by Poiseulles 
flow. (burette ; sugar solution ; Hare’s apparatus ; capillary 
tube of suitable bore.) 

as Find the periods of oscillation of the compound pendulum 


about various points of suspension on both sides of the centre of 
gravity. Draw a graph. Use it to (1) to determine the radius of 


gyration of the pendulum about the centre of gravity and (2) to, 


calculate “‘g”. Take at least three values of the equivalent 
simple pendulum for calculation of * ¢ ip 


ge 
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6. Using a pin and microscope, measure the depressign at the 
free end of a cantilever when a load is applied at that end. Verify 
the relation between the load and depression produced. Draw a 
load-depression graph. Use it to find the weight of an unknown 
load. Calculate the Young’s modulus of the beam.” Take read- 
ings for two differené lengths of.the cantilever (3° to 10 slotted 
weights ; unknown load.) y : 


7 Using a pin and microscope. measure the depression at the 
centre of a beam, loaded at the centre and subjected to non-uniform , 
bending. Verify the relation between the load and depression. 
Draw the load-depression graph. Use it to find the weight of an 
unknown load. Calculate the Young’s modulus of the beam. 
Take readings for two different lengths between the knife- edges 
(8 to 10 slotted weights ; unknown load). 


8. Using an optic lever, telescope, and scale, measure the 
depressions at the centre of a beam, loaded at the centre and sub- 
jected to non-uniform bending. Draw the load-depression graph 
and use it to find the weight of an unknown load. Calculate the 
Young’s modulus of the beam (8 to 10 slotted weights ; unknown 
load). 

e2. Using a pin and microscope, measure the elevations at 
the centre of a beam subjected to uniform bending. Verify the 
reJation between the load and central elevation. Draw the load- 
elevation graph. Take readings for two different distances between 
the supports. Calculate the Young’s modulus of the beam (8 to 10 


slotted weights.) 


f0. Using a pin and iscroscope, measure the depression 


at the centre of a beam, loaded at the centre of a beam and subjected 


to non-uniform bending. Use a constant load at the centre and 


verify the relation t between the length between the supports and 


the depression at the centre. Draw a suitable length-depression 
graph. Calculate the Young’s modulus of the beam. Take 


_reatlings for two constant loads. (Metre scale: two constant 


loads.) _ 


we Il Using an optic lever, telescope and scale, measure the 


depression at the centre of a beam loaded. at the centre. ‘Verify. 
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the relation between the length between the supports and the 
depression at the centre for a constant load. Use two different 
constant loads. Draw a snitable length-depression graph. 
Calculate the Young’s modulus of the beam. (metre scale ; suitable 
constant loads). 

12. Using a pin and microscope, measure the elevation at 
the centre of a beam subjected to uniform bending. Use a constant 
load and verify the relation between the length between the supports 
and the central elevation. Draw a suitable length-elevation graph. 
Use two different constant loads and calculate thé Young’s modulus 
of the beam. (metre scale ; two constant laods). 


13. Using an optic lever, telescope and scale, measure the 
elevation at the centre of a beam subjected to uniform bending. 
Use a constant load and verify the relation between the elevation 


at the centre and the distance between the supports. Draw a. 


suitable length-elevation graph. Use two constant loads and 
take readings. Calculate the Young’s modulus. (metre scale ; 
constant loads.) 


14. Using a pin and microscope, measure the depression 
at the end of a cantilever when a load is applied there. Verify 
the relation between the length of the cantilever and the depression 
for a constant load. Calculate the Young’s modulus. Useetwo 
different constant loads and take readings. Draw a suitable 
length-depression graph. 

15. Using an optic lever, telescope and scale, measure the 
elevations at the centre of a beam, subjected to uniform bending. 
Verify the relation between the load and the centcal elevation. 
Use it to find the weight of two equal, unknown loads. Draw a 
load-elevation graph. Calculate the Young’s modutus of the beam 
(8 to 10 slotted weights; two equa! unknown loads.) 


16. Using a mirror attached to the rod in the Static Torsion 


3 


appartus, telescope and scale, measure the angles of twist of the - 


rod for various loads. Verify the relation between the load and 
angle of twist. Draw the load-twist graph. Use it to find ‘the 
‘weight of the unknown load. Calculate the modulus of rigidity of 
the rod (8 to 10 slotted weights ; unknown load ; vernier calipers ; 
screw gauge.) 


© 


oe? 
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17. Verify the relation between the length of the suspension 
wire, and the period of torsional oscillations. Draw a suitable 
length-period of oscillation graph. Calculate the modulus of 
rigidity of the wire. Take readings with two wires of different 
radii (same material). (brass or steel wire ; screw gauge.) 


18. Determine the moment of inertia ofsthe disc by torsional 
oscillatians, using two equal, symmetrical masses. «Calculate the 
modulus of rigidity of the suspension wire. Take readings for two 
different lengths of wire. (screw gauge.) > 


2. HEAT 


19. Find the weight, of the solid in air. Suspend it in the 
diquid at the room temperature t, and at 50°, 60° and 70° centi- 
grade and find its weight. Calculate the coefficient of apparent 
expansion of the liquid for the ranges—t to 60° and 50° to 70°. 
(refined oil; large glass stopper.) 


20, Find the saturation pressure of the liquid in the jolly’s 
bulb at 49°, 45°, 50°, 55°, 60°, 65° and 70° centigrade. The satu- 
ration pressure of the liquid at 33° is 38-05 m.m. of mercury. 
(water. ) 


a2! Determine the specific heat of the solid by the method of 
mixtures. Apply full radiation correction. (rubber stopper.) 


22. Determine the specific heat of the solid kept immersed in 
: water in the Joule’s calorimeter. Ammeter and voltmeter are 


_ given. ’ Assume the value of J. Apply full radiation correction. 
(aluminium foil, about 60 to 70 grams.) 


23. Determine»the latent heat of ice and use it to determine’ 


. the specific heat of the liquid. Apply full, radiation correction 
for the latter. (refined oil.) 





| 24. Determine the specific heat- of the solid kept immerscd 
in water by passing steam intoit. Apply full radiation correc- 
— tign. Assume the latent heat of steam. (aluminium foil, 100 grs.) 





25. Determine the co-efficient of thermal conductivity of 


“ bad conductor by the Lee’s disc method. (new thin cardboard.) 
| 


e e 
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26. Determine the emissivities of the surface at 80, 70, 60; and ~ 
50 degrees C, when it is (1) polished and (2) blackened. Calculate 


also the emissive power, assuming that of the black surface to be * 
unity. 


27. Determine the specific heat of the liquid by the method of | 
mixtures. Apply radiation correction. Assume the specific heat * 
of the solid (aluminium foil). Take two readings. ‘ 























28. Draw the cooling curve of the substdnce for the range 
95 to 70 degrees and find the melting point* of the substance from 
the graph. Draw the cooling curve of water for the same range and 
determine the specific heat of the liquid. (50 to 60 grams of fresh © , 
naphthalene ; two identical wide-mouthed test tubes.) _ ’ 


3. SOUND sd 
29. Determine the velocity of sound in dry air at O°C with a 
the resonance apparatus and use it to find the velocity of sound © 


in the rod of the Kundt’s Tube apparatus. Two tuning forks ~~ 
are given. 4 


30. Verify the relation between the length of the% <vibrating = 
segment of the sonometer wire and its tension. Draw a suitable 
graph and use it to find the weight of an unknown load. Calculate 
the frequencies of the two forks given. (steel wire; suitable 
weights.) ‘ 


31. Determine the frequency of the tuning fork with the “3 
sonometer. Take readings for six tensions. Very by ane the § 
falling plate apparatus. (sample wire. ) “ 


32. Verify the relation between the length of the vibrating 2 
‘segment in the Melde’s apparattis and tke tension. Draw a C4 
Suitable / and T graph. Use it to find the weight of an unknown 
load.’ Calculate the frequency of the tuning fork. Use both 
modes of vibration. (weight box ; unknown load ; sample string.) ‘i 


33. Measure the length of the vibrating segment of the 
Melde’s string, when the given solid suspended from its end iS. 
(1) in air, (2) immersed in water and (3) immersed in the liquid. } 
Calculate the specific gravity of the solid and the liquid. Use | 
both modes of vibration. (suitable glass stopper ; kerosene oil.) 
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34. Measure the length of the vibrating segment of the SORO-, 
meter wire when the load at its end is (1) in air and (2) immersed | 
in water. Calculate the specific gravity of the solid’ Use two 
wires of different radii in the sonometer. (suitable load of cast 
iron or any other metal ; three tuning forks.) 


35. Determine the velocity of sound in the rod of the Kundt’s 
-tube apparatus, assuming the velocity of sound in -air at 0°C 
to be 330 meters per second. Calculate also (1) the frequency 
of the note emitted and (2) Young’s modulus of the material of 
the rod. (sample ‘fod ; vernier calipers.) 


36. Determine the frequency of the tuning fork ah the 
sonometer. Take readings for six tensions. Use the value to 
determine the velocity of sound in dry air at O°C, using the reso- 


_ nance apparatus. (sample. wire.) 
' s ed : 


PAPER II 


4. LIGHT 





1.” Find the focal length of the convex lens by measuring 

a) U and v and (2) 1 and D. Determine the radii of curvature 
of the surfaces by Boys’ method and calculate the refractive index. 
Use the parallax method. 


‘>. Find the focal length of the given concave lens, using a 
suitable auxiliary convex lens (1) in contact with it and (2) at a 
distance from it. Determine the radii of curvature of its surfaces 
and calculate it8 refractive index. Use the parallax method. 


3. Find the focal length ef the concave lens, using an auxi- 
liary (1) convex lens and (2) concave mirror. Determine the 


oe , Ad . ° 
radi of curvature or: fts surfaces and calculate the refractive index ° 


of the lens. Use the parallax method. 
” 


4. “Using the given convex lens, form liquid lenses and deter- 
mine the refractive indices of the (1) water, (2) liquid and (3) liquid- 
water mixture containing 25% , 50% and 75% of the liquid by volume. 
raw the concentration-refractive index graph. (glycerine, convex 
lens of refractive index above 1°5 ; mercury float.) ‘ 


° 
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Da poeks baal aber the focal length of the long focus convex lens by | 
combining it with a suitable short focus convex lens and keeping | 
them (1) in contact and (2) at a distance from each other. Use 
the parallax method. Measure the radii of curvature of its sur-— 
faces with the spherometer and calculate the refractive index. 
(f one metre.) 


” 


6. Find, the radii of curvature of the surfaces of the convex. 
lens by Newton’ S riiigs method. Measure its focal length and 
calculate the refractive index. Wave- length of sodium light 1S 
5893 A. . 


7. Form Newton’s rings with the convex lens and determine 
the wave-length of sodium light. Measure the radii of curvature 
of the surfaces of the lens by Boys’ method. Use both faces of 
the lens. (mercury float). ‘ . 





8. Measure the angle of the prism and the angle of minimt i 
deviation with the spectrometer and calculate the refractive ing 
Find experimentally the angles of incidence and emergenc 
angles of deviation of 1 and 3 degrees more than the minimum. 









9. With the spectrometer, measure the angles of deviation 
the emergent ray for angles of incidence of 35, 40, 45,50, 55, 60)” 
and 65 degrees and draw the i—d curve for the prism. Use the J 
curve and find the angle of the prism and the angle of minimum 
deviation. Calculate the refractive index of the prism. 


10. With the spectrometer, measure the angles of eo 
corresponding to angles of incidence of 35, 40, 45, 50, 55, 60 and 
65 degrees and draw the i—i’ curve for the prism; use the curve » 
to find the angle of incidence in the position of minimum deviation. } 
Measure the angle of the prism arid calculate the refractive index. 


| 11. With the spectrometer find (1) the angle of the small 
angled prism, (2) the angle of deviation for normal incidence [ | 
the first face, (3) the angle of incidence at the first face when th 
ray emerges normally from the second face and (4) the angle o;, | 
minimum deviation. Use the readings to calculate the refeactive, | 
] 


index of the prism. 
12. Assuming the wave-length of the green line of the mereury 
spectrum to be 5461 A, find the constant of the grating with the. 


© - # 
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spectrometer. Use it to determine the wave-lengths of the yellow,” © 
blue and the violet line in the Hg. spectrumsand D,, D, lines 
of the sodium spectrum. e, | 


13. Determine the constant of the grating using the spectro- 
meter and the D,, D, lines of sodium, 5890 and <5896A. Use 
the value and fe inine the waye-lengths of the set green, 
blue and violet lines of the Hg. een 


ny 


14. With the spectrometer, deternrine the refractive indices 
of the prism for the yellow, sreen, blue and violet lines of the 
Hg. mercury spectrum. Measure their wave-lengths with the 
grating and draw the wave-length—refractive index gr aph for the 

_ prism. 


5. MAGNETISM 


15. With the deflection and vibration magnetometers, 
determine (1) the magnetic moment of the given magnet, (2) its 
intensity of magnetisation and (3) H. Use both the Tan A and 
[ Tan B positions. Take three readings for each position. 





be 16. Kéeping the given short magnet in the vertical position 

* with one of its poles level with the needle of the deflection magneto- 
meter otind the average value of m/H. Find its period of oscillation 

» in the earth’s field and calculate (1) the pole-strength of the magnet, | 

(2) its intensity of magnetisation and (3) H. 


™, 17. Compare the magnetic moments of the two thagnets 


of unequal lengths with the deflection magnetometer by (1) the 
equal distance method and (2) the null method. Use both the 
Tan A an@ Tan B positions. Take two readings for each 
position. 





be 18. Compare the magnetic moments of the two magnets 
of unequal lengtsewith the deflection magnetometer by the equal 
- distance method, using both Tan A and Tan B positions. Verify 
the result by the null method keeping one of the magneis in the 
Tan A position and the other in the Tan B position. Take two 
_ readings for each position. 








Ea 19. Mount the given thagnet vertically, with one of its poles 
level with the needle of the vibration magnetomete) ‘and ¢ind the 
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periods of oscillation for various distances of the magnet fr->m the 
néedle along the magnetic meridian. Find the periods in the 2arth’s 
field alone and calculate m and H. (Magnet of moment over 


¥ 


: 6. ELECTRICITY é a 
20. Connect the tangent Galvanometer in series. with a : 
battery, a rheostat and a copper voltameter, and adjust the current 
for a suitable deflectiort. Annul it with the bar magnet. Cal- 
culate the current and determine the magnetic moment of the a 
“magnet and H. E.C.E. of is ‘copper 0:0003293 grm./coulomb. rs 
(10 turn coil). | | | 


4, 


21. Connect the circular coil in series with a battery, a | 
rheostat and a copper voltameter. Adjust the current so as to get 
a suitable deflection in the compass box, placed on the axis of the 
coil (not at the centre). Annul the deflection with the magnet. « 
Calculate the current and determine the magnetic moment M and — 
H. E.C.E. of copper is 00003293 grm. per coulomb. (10 turn | : 
coil.) Pe ft ee 






{ae 
22. “Pass ‘current of 0°S, 12 and 13. amperes through the al 

. circular coil and adjust the compass box along the axis ofthe coil 

for a deflection of 45 to 50 degrees. Measure the distances from 
the centre of the coil. Annu! the deflections in each case with a | 
magnet. Calculate its magnetic moment M and H. Ammeter 
given.° } lt | ee 

23. Find the resistances of the given coil of wire at the room 

temperature, at 0° centigrade and at the temperature of boiling 
water with the Carey-Foster bridge and calculate the temperature 
co-efficient of resistance. Draw the temperature-resistantee graph, 
Resistance box is given. 


24. Find the resistances ofthe two coils of wire of the same 
material with the Carey-Foster bridge and calculate ‘the specific 
resistance. Find the length of wire of the same material in the » 
third coil without unwinding it. Resistance box is given. (Bureka 
wires of three different gauges ; screw gauge.) 

25. Find the resistance of the mercury thread in the capillare _ 
tube with the Carey-Foster bridge and calculate the specific 
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